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PREFACE

The all-nation catch of groundfish in the Gulf of Alaska in 1985 was
321,920 netric tons (t), down 10% from 356,309 t in 1984 (Table A). The 1984
catch had, in turn, been the largest since the Magnuson Fishery Conservation
and Managerment Act was inplemented in 1977. Reduced catches of walleye
pol l ock (Theragra chal cogramma), Pacific cod (Gadus nacrocephalus), the Pacific
ocean perch conplex of Sebastes alutus, and four simlar congeneric species,
and flatfish were the main contributors to the decline--down 7.1, 38.4, 75.6,
and 55.1% respectively Al t hough the decline in the pollock catch was not
that great in terns of percentage, it was the greatest factor in terms of
sheer weight--a ,21,867 t decline for pollock;, a 34,389 t decline overall.

Al elements of the fishing fleet were not equally affected. The total
all owabl e level of foreign fishing was reduced sharply from 1984 |evels;,-down
82.2 and 68.6% for pollock and cod, respectively, and down to token anounts'-:'.-
for the remaining species or species groups. As a direct result, the foreign
catch was down 68.2% for pollock, 42.8% for cod, and was practically elim nated
for the other categories. The joint venture and U S. donestic conponents of
the fishery continued to increase, with the joint venture portion of the overall
catch increasing from61.6%in 1984 to 76.8%in 1985 and the U S. donestic
portion increasing from 3.6% in 1984 to 10.5% in 1985. For certain select
fishes, however, the U S. donmestic share of the total catch became very
large: 89.4% of the various rockfishes (Sebastes spp.), for exanple, and
97.7% of the sablefish (Anoplopoma finbria).

Presented here are 14 contributions by U S. scientists dealing with the
@l f of Al aska groundfish resources. Ten papers sunmmarize information on
commercially inportant species or groups of species. There are also descrip-
tions of 1) the comercial fisheries for pollock in 1985 and 1986, 2) research
on the age conposition and recruitnment of Pacific ocean perch, and 3) the
1986 acoustic assessment of the pollock population. Finally, the 1986 U.S.
research surveys are reviewed and plans for 1987 are outlined.
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Table A.--Gulf of Alaska groundfish: ocptimum yield (OY}) and catch (t) 1977-86, current status
of stocks, and abundance trends.

Species Catch Status of  Abundance
and year oY Foreign J. 'venture Domestic Total stocks trend

Walleye pollock

1977 150,000 117,834 ‘ 0 228 118,064

1978 168,800 96,392 34 1,044 97,470

1979 168,800 103,187 ‘ 566 2,00 105, 784

1980 168,800 112,997 © 1,136 904 115,037

1981 168,800 130,324 16,857 563 147, 744

1982 168,800 92,612 73,917 2,217 168,746

1983 256,600 81,1358 134,111 120 215, 649 Exploitable

1984 416,600 99, 260 207,104 329 306,693 biomass

1985 321,600 31,587 237,860 15,379 284, 826 increasing

1986 116,600 - ; - - - Depressed in 1987
Sablefish )

1977 22,000 15,957 ' 0 1,179 17,136

1978 15,000 7,128 © 0 1,738 8,866

1979 13,000 6,885 19 3,447, 10,350

1980 13,000 6,139 20 2,384 8,543

1981 12,300 7,975 0 1,941 9,916

1982 12,300 5,645 1 2,910 8,556

1983 8,980 4,965 278 3,761 9,001

1984 : 8,980 1,108 . 528 8,594 10,230

1985 8,980 8 226 12,215 12,479 .

1986 15, 000 - i - - : - Good Increasing
Pacific cod .

1977 6,300 1,988 0 270 2,258

1978 40, 600 11,371 7 785 12,163

1979 34,800 13,174 713 985 14,872

1980 60, 000 34,245 466 611 35,322

1981 ‘ 60, 000 34,969 ‘ 58 1,060 36,087

1982 60,000 29,936 193 2,250 29,179

1983 60, 000 29,777 ' 2,426 4,198 16, 401

1984 60,000 15,897 4,649 2,672 23,217

1985 " 60,000 9,086 . 2,266 2,954 14,306

1986 75,000 - ‘ - - -  Good Stable

Atka mackerel

1977 22,000 19,455 0 0 19,455

1978 . 24,800 19,588 [o] [0} 19,588

1979 26,800 10, 948 , 1 0 10, 949

1980 28,700 13,163 k] 0 13,166

1981 28,700 18,727 0 0 18,727

1982 28,700 6,760 0 0 6,760

1983 28, 700 11,470 790 o] 12,260

1984 28,700 537 585 31 1,153

198s 5,278 2 1,846 0 1,848 No apparent

1986 5,278 - . - - - Depressed recruitment
Pacific ocean perch ‘

1977 10, 000 23,4392 0 12 23,451

1978 25,000 8,174 } 0 5 8,179

1979 25,000 9,750 . 68 105 9,923

1980 25, 000 12,447 20 4 12,471

1901 25,000 12,176 . 1 7 12,184

1982 11,475 7,988 ' 3 2 7,993

1983 11,475 5,416 1,975 15 7,406

1984 11,475 2,599 '1,734 119 4,452

1985 6,083 B 254 B25 1,087

1986 3,702 - ' - - - Depressed Stable
Thornyheads

1977 - ob ob oc 0

1978 - ob ob 0° 0

1979 - od o o< o

1980 3,750 1,351 0 o 1,357

1981 3,750 1,340 0 o¢’ 1,340

1982 3,750 788 0 oc 788

1983 3,750 ' 718 12 0¢ 730 . Rébounded

“mma - A s ra "~ A a“AT m—— i 1aac



Table A.—Continued.

Species Catch Statua of Abundance
and year oY Poreign J. venture Domestic Total stocks trend

Other rockfish

1977 5,000 1398 0 143¢ 282
1978 7,600 1,896 1 103¢ 2,000
1979 7,600 1,426 22 226° 1,674
1980 7,600 2,849 8 203¢ 3,060
1981 7,600 4,341 0 346°€ 4,687
1902 7,600 1,692 0 259¢ 1,951 Unknown gulf-
1983 - 7,600 1,712 289 420° 2,4 wide; believed
1984 7,600 414 284 811 1,509 declining in
1985 5,000 2 45 1,812 1,859 central south-
19686 5,000 - - - - Depressed eastern Alaska
Platfish
1977 23,500 16,038 0 684 16,723
1978 33,500 14,341 5 852 15,198
1979 33,500 13,474 70 g4 13,930
1980 33,500 15,497 209 140 15,846
1981 33,500 14,443 18 403 14,864
1982 33,500 9,986 18 274 9,278
1983 33,500 9,51 2,692 4139 12,661
1984 33,500 3,033 3,449 397 6,879
1985 33,500 170 2,447 461 3,078 Assumed
1986 14,380 - - - - Good stable
sSquid
1977 - ob (] (] )
1978 2,000 322 0 0 322
1979 5,000 425 o} 0 425
1980 5,000 B41 V] [} 841
1981 5,000 1,135 0 ] 1,135
1982 5,000 278 16 0 294
1983 5,000 267 L] ] 271
1984 5,000 120 S o} 125
1985 5,000 6 7 [} 13 Probably Assumed
1986 5,000 - - - - good atable
Other species®
1977 16,200 4,642 0 NA 4,642
1978 16,200 5,989 1 NA 5,990
1979 16,200 4,004 34d ¥R 4,115
1980 16,200 5,555 49 NA 5,604
1981 16, 200 7.112 1 NA 7.145
1982 16,200 2,049 k1] NA 2,350
1983 18,743 2,255 391 NA 2,646
1984 28,780 576 1,268 NA 1,844
1985 22,460 97 2,246 NA 2,343 Probably Agsumed
1986 12,186 - - - - good stable

4Japan reported only a "rockfish® catch, which is reported here as Pacific ocean perch.

bBThere probably were amall catches of thornyheads in 1977 and 1978 tand squid in 1977)
but the source used here (Berger et al, 1986) does not list them because OY had
not yst been eatablished.

CThornyheads were included in the "other rockfish® category.
d'motnyhaads were included in the "other species” category.

epfter numerous changes, the "other fish" category was stabilized in 1981 to include sharks,
skates, sculpins, eulachon, capelin (and other smelts of the family Osmeridae), and octopus.

Definition of Pacific ocean perch: 1) the OY and the foreign and joint venture catches
1977-781 only Pacific ocean perch (except as noted by footnote a), 2) the OY and the
foreign and joint venture catches 1979-86: Pacific ocean perch and four similar species,
and 3) domestic catches: only Pacific ocean perch.

NA1 Not available

Sources: 1) the OY and the foreign and joint venture catches 1977-84: adapted from Barger
et al, (19B6), 2) the OY and the Poreign and joint venture catches 1985-86: personal
communication with Jerald Berger, U.S. Foreign Fisheries Observer Program, Northwest and
Alaska Fisheries Centsr., National Marine Fisheries Service, NOAA, 7600 Sand Point Way NE.,
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WALLEYE POLLOCK FI SHERIES | N THE GULF OF ALASKA, 1985-86
by

Mles S. Alton

[ NTRODUCTI ON

This is an update of the report by Alton (1986) on the pollock
(Theragra chal cogramma) fisheries of the Gulf of Al aska including data
through August 1986. The portion of the Gulf of Alaska lying within the
fishery conservation zone extends eastward from 170° W long. to D xon
Entrance. Included are the North Pacific Fishery Management Council's
Western and Central Regulatory Areas, where nost of the pollock catch is
taken, and the Eastern Regulatory Area (Fig. 1)

In 1985 the pollock catch declined to 284.9 thousand netric tons (t)
froma peak of 306.7 thousand t in 1984. New devel opnents in 1985 were
the sharp decline in the foreign catch and the dramatic rise in the donestic
catch (Table 1). The catch by joint venture fisheries continued to increase.

Regions of high catch were simlar to past years. Substantial catches
(219.6 thousand t) were taken by joint venture fisheries in Shelikof Strait
early in the year. For the remainder of the year, fishing by both the
joint venture and foreign fleets was centered south of Kodiak Island, in
the vicinity of the Shumagin Islands, and south of the Fox Islands.

Because of declining stock size, optinumyield was reduced to 116, 600 t
for 1986. Through August the 1986 catch was 57.0 thousand t, npost of which
was harvested in January-April in Shelikof Strait

DATA SOURCES AND COVPI LATI ON PROCEDURES

Cat ch

Each foreign nation reports catch and effort by nonth, vessel class,
and statistical block (1°long. x 1/2° lat.). This information is used
here to describe the tine-space distribution of the pollock catch by each
foreign nation. Catches by foreign nations and by joint venture fisheries
are "best blend" estimates. These estinates are devel oped on the basis
of information obtained via the U S. Foreign Fisheries Chserver Program
as described by Wall et al. (1981). Donestic catches are fromthe Al aska
Department of Fish and Gane. CObserver coverage (nunber of observer days/
total vessel days x 100) of the foreign traw and joint venture fisheries
in 1985 was greater than 90%
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Table 1 .--Catch (1,000 t) of pollock in the Gulf of Al aska, by fishery
category, 1977-86.
Year Foreign Joint venture Domestic Total
1977 117.8 0 T 117.8
1978 96.3 T 1.0 97.3
1979 103.8 0.6 2.0 106.4
1980 113.0 161 0.9 115.0
1981 130.3 716.8 0.6 147.7
1982 92.6 73.9 2.2 168.8
1983 B81.4 134.1 0.1 215.6
1984 99.3 207 .1 | 0.3 306.7
1985 31.6 237.9 15.4 284.9
1986* 0.1 52.3 4.6 57.0
*Jan . - Aug.
T.  Trace.
Sour ces: Foreign and joint venture catches 1977-84: Berger et al.
(1986); 1985 and 1986: personal communication with Jerald Berger,

U S. Foreign Fisheries Cbserver Program Northwest and Al aska
Fisheries Center, National Marine Fisheries Service, NOAA Bin

C15700,

Building 4, 7600 Sand Point Way NE., Seattle, WA 98115.

Donestic catches 1978-80: Rigby (1984); 1981-86: Pacific Fishery
Information Network (PacFIN), Pacific Mrine Fisheries Commission,
305 State O fice Building, 1400 SW Fifth Avenue, Portland, OR

97201.



Length and Age Conposition

Estinmates of the length and age conposition of the foreign and joint
venture catches are al so based on data collected by U S. observers aboard
foreign trawers and processors. A description of the sanpling procedures
used by the observers to obtain length infornation and age structures was
given by Nelson et al. (1981). Procedures for determnining the age of
pol lock fromotoliths was described by LalLanne (1979), and the procedure
for estimating the age conposition of the pollock catch was given by
Alton and Deriso (1983).

CATCH | NFORVATI ON

Foreign Fisheries

Japan and the Republic of Korea (ROK) were the only foreign nations
that harvested pollock in the GQulf of Alaska in 1985. Japanese fisheries
accounted for 8% (22.9 thousand t) of the total pollock catch and ROK for
only 3% (8.6 thousand t). The overall foreign catch of pollock declined
from99.3 thousand t in 1984 to 31.6 thousand t in 1985, a 68% decrease.

In the Japanese fisheries nobst of the catch was taken by surimn
tramers (Table 2). These vessels concentrated their effort in two
regions: south of Kodiak Island July-Decenber and in the vicinity of the
Shumagi n |slands Cctober-Decenber (Fig. 2). Catch per unit effort (CPUE)
was highest in the Kodiak region in July-Septenber but highest in the
Shumagin Island region in the fall.

In contrast to the Japanese fishery, ROK trawl ers took nost of their
catch just south of the Fox Islands--mainly in the fall quarter (Fig. 3).
The CPUE on the Fox I|slands grounds decreased from sumer to fall

Joint Venture Fisheries

The catch by joint venture fisheries continued to clinmb in 1985,
reachi ng al nost 238 thousand t and representing 84% of the total catch
(Table 3). Mdost was taken on the spawning grounds of Shelikof Strait
January-April. The catch dropped off during spring and summer nonths but
increased in the fall when fishing was concentrated south of Kodiak Island
and south of the Fox Islands (Fig. 4)

Domestic Fisheries

There was a dramatic increase of the pollock catch by domestic
fisheries in 1985 (Table 3). Mst of the 15.4 thousand t catch was
| anded at shore-based plants (13.9 thousand t) with the remainder (1.5
thousand t) being taken by catcher-processors. The catch in the western
Regul atory Area (8.5 thousand t) was slightly greater than that fromthe
Central Regulatory Area (6.9 thousand t).



Table 2.--Japanese catch (1,000 t) of pollock in the Gulf of Al aska by
traw er class, 1976-85. *°

Trawl er C ass

Surim Smal | Large

factory traw er freezer trawer freezer trawer
Year (1,500-4, 505 (<1, 500 (1,500-4,504 Tot al

gross tons) gross tons) gross tons)
1976 4.9 0.3 6.6 11.8
1977 19.0 7.0 15.0 41.0° °
1978 17.8 6.7 1.5 26.0
1979 10.6 5.5 1547 31.8
1980 20.4 8.6 8.5 37.5
1981 30.4 12.3 : 8.3 51.5
1982 34.0 14,5 643 54.8
1983 31.5 10.6 5.3 47.4
1984 45.1 1.7 1.0 57.8

1985 22.9 ) T 0.0 22.9

®Foreign reported catch for 1976 and 1977, best blend estimte for 1978-85.
"Vessel classification used by U S. Foreign Fisheries Cbserver Program

T.  Trace.

Source:  Personal communication with Jerald Berger, U S. Foreign Fisheries
Observer Program Northwest and Al aska Fisheries Center, National Mrine

Fisheries Service, NOAA Bin C15700, Building 4, 7600 Sand Point Way NE.,
Seattle, WA 98115.
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Table 3.--Catch (t) of pollock in the GQulf of Alaska, by fishery
category and by North Pacific Fishery Management Counci l
regul atory area, 1985.

Fishery Area

category Western Central Eastern All area

Japan* 15,980 6,957 0 22,9137

Republic of Korea 7,841 809 0 8,650

Joint venture 12,246 225,614 0 237,860

Domestic 8,458 6,920 T 15,378
Total 44,525 240,300 0 284,825

*Includes 15 t taken in longline fisheries.
T.  Trace.

Sour ces: Foreign and joint venture catches: personal comunication
with Jerald Berger, US. Foreign Fisheries Cbserver Program Northwest
and Al aska Fisheries Center, National Marine Fisheries Service, NOAA
Bin C15700, Building 4, 7600 Sand Point Way NE., Seattle, WA 98115.
Domestic catch: Pacific Fishery Information Network (PacFIN), Pacific
Marine Fisheries Conmssion, 305 State Office Building, 1400 SW Fifth
Avenue, Portland, OR 97201.
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LENGTH AND AGE- COVPCSI TI ON

Qutside the Shelikof Strait region in 1985 the fisheries continued,
as in 1984, to take fish that had a uninmodal |ength distribution (Fig. 5).
Modal |engths were 46 to 50 cm dependi ng upon the fishery, and were
greater than those of last year (44-47 cnm). The increasing node reflects
t he continued domi nance of the strong year classes of 1978 (7-year-old
fish) and 1979 (6-year-old fish) (Table 4).

On the spawning grounds in Shelikof Strait, two | ength nodes were
present (Fig. 5). The smaller (23 cm node represents 2-year-old fish of
the 1983 year class; the larger node represents a mixture of older fish
dom nated by the 1978 and 1979 year classes. The 1982 year class (as
3-year-old fish) was poorly represented in the catch from Shelikof Strait,
whi ch may be an indication that its abundance relative to other year classes

is |ow
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Table 4.--Catch (t and nunber of fish) of Qulf of Al aska* pollock, by age and

fishery category, 1985. The joint venture catch is by region and
period.
Joint venture fisheries
Shelikof Strait Other Foreign and joint
Age Foreign fisheries Jan.-Apr. May-Dec. venture fisheries
t nos. t nos. t nos. t nos.
(1,000) (1,000) (1,000) ’ (1,000)
1 T 3 T 3
2 12 33 1,600 12,310 75 191 1,687 12,534
3 539 949 1,200 3,751 405 699 2,144 5,399
4 3,166 4,358 13,003 25,495 2,0Mm 2,827 18,240 32,680
5 3,117 3,130 20,304 33,285 2,047 2,005 25,468 38,420
6 8,038 7,983 49,110 60,629 4,766 4,676 61,914 73,288
7 10,818 10,367 94,019 104,465 5,714 5,513 110,551 120,345
8 4,162 3,547 29,306 29,904 2,086 1,740 35,554 35,191
9 1,254 1,148 8,702 7,769 742 671 10,698 9,588
10+ 482 394 2,400 1,920 310 243 3,192 2,557
-31,588 31,909 219,644 279,528 18,216 18,568 269,448 330,005

*Foreign and joint venture fisheries in 1985 occurred only in the Wstern and
Central Regulatory Areas.

T. Trace (catch < 0.5 t).

Source:  Catches were obtained by personal

U.S. Foreign Fisheries Cbserver
Marine Fisheries Service,
WA 98115.

Center, National

Sand Point Way NE.,

Seattl e,

conmmuni cation with Jerald Berger,
Program Northwest and Al aska Fi sheries
NOAA, Bin C15700, Building 4, 7600
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RESULTS OF ACQUSTI G- TRAW. SURVEYS FCR
VWALLEYE PCLLOCK IN THE GULF OF ALASKA I'N 1986

by

Martin 0. Nelson and Ednund P. Nunnal | ee
| NTRODUCTI ON

During March-April 1986, acoustic-traw surveys of @il f of A aska walleye
pol  ock (Theragra chal cogramm) stocks were conducted in Shelikof Strait
using the National Cceanic and Atnospheric Adm nistration (NOAA) vessel
MIler Freeman and in a najor part of the gulf region outside of the strait
by the Soviet research vessel Gssar. Three echo integrator-midwater traw
surveys of the Shelikof spawning stock were conpleted. The survey periods
were : 1) March 5-12, 2) March 13-21, and 3) March 22-30. The surveys, which
were conparable to those conducted in 1981 and 1983-85 (Nel son and Nunnal | ee
1985; Nel son and Nunnallee 1986), were designed to provide age-specific
bi onass and popul ation estimtes of the mdwater (off-bottom) conponent of
the pollock stock during that portion of the prespawni ng-spawni ng peri od when
t he abundance of adult fish was at a maximum  Another main objective of the
Shel i kof surveys was to collect data on the in situ target strength (acoustic
reflectivity) of individual pollock using dual beam and split beam acoustic
syst ens.

A highly qualitative echo sounder-trawl (midwater and botton) survey of
the area between Kodi ak Island and Yakutat was conducted aboard the G ssar
during March 19-29 as part of an effort to determine the distribution and
rel ative abundance of spawning pollock in areas other than Shelikof Strait. In
addition, the Gssar carried out an ichthyoplankton survey of the entire gulf
area approximately between Cape St. Elias and Uni mak Pass, March 29-April 18.
During this survey, traw sanpling was done opportunistically on concentrations
of pollock observed on the echo sounder.

This report presents the pollock abundance estinates obtained fromthe
1986 Shelikof surveys and conpares themwth estimates fromprior years. It
al so describes the principal results of the Gssar's surveys.

SURVEY AND ANALYSI S METHODS

Shel i kof Strait Surveys

Acoustic data were collected with a 38 kHz echo sounder interfaced to
conputer systens programmed to inplenent echo integration and target strength
data collection (dual beam and split beam). The sounder's transducer was
housed in a deadwei ght body that was towed at an average depth of approxinately
17 m The entire acoustic systemwas calibrated before and after the surveys.
Echo sign was sanpled with a Dianond 1000 midwater trawl equipped with 6 ft x
9 ft steel V doors and a cabl e netsounder system (the sane traw was used for
all surveys conducted during 1981-85). Its vertical nouth opening was 15-18 m
and the codend mesh size (stretched neasure) was 3.8 cm
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Survey operations were conducted 24 hours per day along zig-zag trackline
patterns which covered the area between the 91 m (50 fnm) bottom depth contours
on either side of the strait (Fig. 1). Each survey was run "down" the strait,
i.e., in aNE to SW direction, and the average distance between adjacent
transects was approximately 5 nautical mles (nm). Average vessel speed on
the tracklines was approximately 9 knots (kn). Echo integrator density esti-
mates were obtained al ong each transect at 5-minute intervals for each of up
to 30 non-overlapping depth strata between 15 m bel ow the transducer and the
bottom  Usually, targets located nore than about 3 m above the bottom coul d
be detected and distinguished from bottom echoes.

M dwater trawl hauls were nmade during each survey to provide data on the
bi ol ogi cal conposition of the pollock stock and on the occurrence and | ength
di stributions of other midwater species. The distribution of traw hau
stations was roughly proportional to the relative abundance of pollock echo
sign. The duration of each haul depended on the density of the target echo
sign, the tine required to accurately position the tram, and the time necessary
(based on interpretation of the netsounder echo display) to capture a sanple
of fish large enough to satisfy biological sanpling requirenents. The average
trawl towi ng speed was approximately 3 kn. Standard catch sorting and
enureration procedures were used to provide estinates of weight and nunbers
by species for each haul. The total catch was sorted, except when it exceeded
approximately 2,500 Ibs. Pollock length, sex, age (from otoliths) and
maturity conposition data were obtained froma randomy selected sanple, from
each haul. Collections of individual pollock weight data were stratified by
| engt h.

Pol | ock biomass estimates for each survey were determined by nmultiplying
the average bionmss density per unit surface area (kg/nf) by the survey area.
The surface density estimtes were cal cul ated by summing volunmetric densities
(kg/n?) over depth. The echo integrator data were scaled to estimates of
absol ute density by using the following average target strength'/ estinates:

1) -23 dB/kg for age-l pollock, 2) -27 dB/kg for age-2 fish, and 3) -31.3 dB/kg
for age-3 fish and older. Because species other than pollock occurred in mnor
quantities, no corrections were nade for their contribution to the echo
integrator output.

Age-speci fic biomass and popul ation estimates and popul ation length
distributions were calculated for each survey, using the total biomass estimate
length frequency data, a |ength-weight relationship, and an age-|ength key.

The abundance estimation procedure and the methods used to estinmate confidence
intervals for the total bionass estinates were basically the sane as those
described by Traynor and Nelson (1985).

Sovi et Research Vessel G ssar Surveys

Echo sounder data (paper records and a col or scope display) were obtained
using a 25 kHz echo sounder-operated with a hull mounted transducer. Rough

' "Average target strengt hii"s the target strength of the average scattering
cross section.
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estimates of relative density ("l ow, medium " and "high") were made from an

exam nation of the paper records

A rope trawl ("RT/TM 118") was used to sanple midwater echo sign. This
trawm had a vertical nouth opening of about 60 mw th mesh sizes (stretched
measure) ranging from80 cmforward to 3 cmin the codend. (On-bottom sanpling
was done with a trawl which had a 9 mvertical nouth opening and a codend |iner
mesh size of about 2 cm Both traws were fished with 3.5 moval steel doors.

During its first survey (March 19-291, the G ssar operated 24 hours per
day along a parallel transect trackline that covered a bottom depth range of
50 mto 750 min the region between Kodi ak |Island and Yakutat. The distance
between transects was usually 10 nm and the survey was done at an average
vessel speed of 11 kn. Both midwater and bottomtraw hauls were made to
identify echo sign and provide biological information on pollock and ot her
speci es. The enuneration and sanpling of traw catches foll owed standardi zed
procedures which were simlar to those enployed on the MIler Freeman during
the Shelikof Strait survey.

During the G ssar's ichthyoplankton survey (March 29-April 181, traw
sampling was limted to relatively large concentrations of pollock observed
on the echo sounder while traveling between stations. Also, estimtes of the
rel ative abundance of pollock were not obtained fromthe echo sounder records
collected during the ichthyoplankton survey.

RESULTS OF SHELI KOF STRAIT SURVEYS

Sanpling Effort and Species Conposition of Trawl Catches

Total distances of the tracklines on surveys |-3 (Fig. 1) were 918 nm
(1,700 km, 932 nm (1,726 km), and 881 nm (1,632 km), respectively. Thirty-
nine mdwater trawl hauls were conpleted during the surveys (Table 1). The
frequency of occurrence and total catch of each species are shown in Table 2.

As in previous years, the occurrence and total weight of species other than
pollock in the trawl catches was relatively insignificant. Eulachon
(Thal ei chthys pacificus) were, again, the nost frequently occurring "incidental"
species. Pacific cod (Gadus macrocephal us) were caught |ess frequently than

in past years.

Bi onass and Popul ation Esti nmates

The 1986 "annual" estimate of pollock bionass for age-2 and ol der fish
was the | owest obtained during the 6-year period that conparable acoustic
surveys have been conducted (Table 3 and Fig. 2). However, the 11% (77,000
netric ton (t)) change in bionass estimtes between 1985 (700,000 t) and 1986
(623,000 t) was minor conpared to the pronounced decrease that occurred
bet ween 1984 and 1985, when there was an unusually large decline in the
abundance of the 1978 and 1979 year classes (Fig. 3 and Tables 4 and 5). Also,
the 1986 estimate of the biomass of the age-3 and ol der popul ation (490,000 t)
exceeded the 420,000 t forecasted by Alton and Megrey (1986). This is the first
time that the projected biomass estimate (which includes only fish > age 3) has
been less than the survey estinate



Table 1.--Mdwater traw
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haul station and catch data for

1986 Shel i kof Strait

pol | ock surveys.

Average Catch (1lb)
depth (fm)
Haul Start position (footrope/ Pollock Pacific Other
no. Date Time (AST) Lat.(N) Long.(W) bottom) Age 1 >Age 1 Eulachon cod species
Survey 1
1 3/07 1309-1324 57°52! 154°30! 55/133 0 478 2 0 0
2 3/08 0925-1005 57°26' 155°20' 64/138 0 2,500 0 0 0
3 3/08 1906~1918 57°16" 155°18° 139/139 0 573 94 22 756
4 3/09 1058-1108 57°16' 155°37" 149/159 0 1,607 62 0 276
5 3/09 1242-1302 57°14" 155°35" 101 /155 0 1,230 0 0 0
6 3/09 2350-2355 56°55' 155°31° 105/155 0 - 900 0 0 0
7 3/10 0052-0108 56°56"* 155°30" 140/153 0 1,460 19 i 5
8 3/10 1809~-1819 56°32' 155°4S" 75/115 T 431 63 0 0
9 3/10 1904-1919 56°32' 155°138" 72/78 4 92 76 " 22
10 EVAR] 1333-1337 56°12' 156°06" 94/1136 T 239 0 0 0
19 3/ 1455-1515 56°11! 156°07"° 117/138 1 653 98 0 71
Survey 2
12 3/13 2210-2257 58°01' 153°41° 53/112 0 251 1 9 3
13 3/15 0054-0154 57°47" 154°57" 54/154 0 99 1 0 0
14 3/15 1412-1452 57°35! 154°55" 76/127 T 422 0 0 2
15 3/15 1608-1627 57°34! 154°53" 1147125 1 962 107 0 24
16 3/16 0044-0104 57228° 155°20° 737152 T 349 0 6 5
17 3/16 0213-0300 57928"' 155°24" 144/161 T 2,611 10 0 2
18 3/18 0218-0242 57°10°' 155°22! 79/145 T 378 1 0 3
19 3/18° 0310-0340 57°13° 155°25! 129/147 T 2,157 3 0 0
20 3/18 1200-1215 57°13! 155°26" 69/145 0 1,053 0 0 27
21 3/18 1559-1609 57°10°* 155°25" 132/145 0 2,010 3 0] 0
22 3/19 0333-0424 57°07° 155229 87/153 T 87 1 0 10
23 3/19  1825-1838 56°59" 155°57! 96/156 0 484 0 0 0
24 3/19 1930-1935 56°55" 155°57! 136/140 3 940 21 0 8
25 3/20 1348-1358 56°25" 155°956"' 1057121 9 1,758 0 0 0
26 /2 1535-1550 55°48' 150°14"' 113/1 1 15 0 T 0 0
Survey 3
27 3/23 2318-0000 58°02' 153°36" 44/117 o] 880 0 0 4
28 3/24 2312-2327 57938' 154°47° 44/127 0 982 0 0 3
29 3/24 0004-0010 57°39°* 154°47" 81/127 0 1,319 0 3 0
30 3/25 1556=-1610 57929°* 155°29" 150/170 0 4,176 20 0 3
31 3/25 1803-1833 57°28" 155°30" 75/168 1 463 5 0 o]
32 3726 1510=1530 56°58"' 155°32° 142/157 2 1,727 67 0 24
33 3/27 1015=1025 56°40" 155°54" 130/156 T 1,444 116 0 0
34 3/27 1343-1418 56°32" 155°41" 98/116 0 1,790 o] 0 0
as 3/28 1750-1805 55°53° 156°18' 95/133 7 10 2 0 1
36 3/29 1027=1042 57°11! 155°36" 137/152 T 66 1 0 0
37 3/29 1225=-1255 57°11! 155°36' 18/156 0 0 0 0 0
38 3/29 1740-1742 57°40° 155°10" 100/161 0 526 0 0 0
39 3/29 1837-1846 57°38° 155°05" 127/139 T 494 3 0 2
Totals 43 37,601 776 90 1,251

T: Catch < 1 1b
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Table 2.--Frequency of occurrence and total catch by species in 39 nidwater
trawm hauls nmade during the 1986 Shelikof Strait pollock surveys.

Frequency _Total catch

Species No. % lb. %
Walleye pollockr(Theraqra chaleogramma) 38 97.4 37,664 94.’
Eulachon (Thaleichthys pacificﬁs) 24 61,5 776 2.(
Arrowtooth‘floundef (Atheresthés stomias) 11 37.9 531 1.
Smooth lumpsucker (Aptocyclus ventricosus) 11 37.9 94 ‘Od
Squid (Unidentified) 7 17 .9 37 0.’
Flathead sole (Hippoglossoides‘elassodon) 4 10.3 23 0.1
Jellyfish (Unidentified) | | 3 7.7 12 .
Shrimp (Unidentified) 3 7.7 11 "
Skate (Unidentified) 2 5.1 295 0.7
. Pacific cod (Gadus macrocephalus) 2 5.1 90 O.:
Rougheye rockfish (Sebasteﬁ aléutianus) 2 5.1 32 0.1
Sablefish (anoplopoma fimbria) 1 2.6 176 0.4
Pacific halibut (Hippoélossus stenolepis) 1 2.6 40 0.1
Chinoock salmon (Oncorhynchus téhawytscha) 1 2.6 3 1
Spinyhead‘sculpin (Dasycottus éetiger) 1 2.6 1 1

Total 39,785

T: Catch < 1 1lb.



Table 3.-- Pollock biomass estinates determned from 1981 and 1983-86 Shel i kof
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Strait acoustic-nmidwater traw surveys.
Mean Total 95% Confidence
Survey number density area Biomass interval
Year and period (kg/103m2) (km?2) (t x 109) (t x 108)
1981+ 1 March 2-=15 637.6 6,870 4.38 2.92 to 5.84
2 March 24-27 363.6 8,674 3.15 2.07 to 4.23
3 April 4-10 251.0 12,138 3.06 2.02 to 4.08
1982 = = = = = = = = = = = = - = = NO SULVEY = = = = = = = = = = = = =
1983* 1 March 6-=15 144.9 17,587 2.46 1.54 to 3.40
2 March 16-19 194.7 12,123 2.36 1,26 to 3.46
3 April 6-13 41.2 19,733 0.82 0.57 to 1.07
1984* 1 March 3-9 133.6 16,567 2,03 1,43 to 2.64
2 March 9-16 107 .1 15,043 1.57 1.31 to 1.84
3 March 16-18 139.3 14,383 1.90 1.06 to 2.75
4 March 22-25 127.5 15,641 1.72 0.98 to 2.46
5 april 1=7 119.8 15,147 1.66 1,19 to 2.13
1985+ 1 Feb. 21-28 39.6 16,361 0.65 0.47 to 0.82
2 March 1-9 43.8 15,975 0.70 0.48 to 0.92
3 March 14-20 46.8 16,389 0.77 0.55 to 0.98
4 March 21-28 51.9 13,736 0.71 0.51 to 0.91
1986* 1 March 5-12 42.3 15,476 0.65 0.41 to 0.90
2 March 13-21 39.3 15,186 0.60 0.39 to 0.80
Annual estimates
Biomass 95% confidence
Year (t x 106) interval (t x 10%) Source of estimates
1981 3.77 2.86 to 4.67 Mean of estimates for surveys 1 and 2
1982 = = = = e = = e === - - - NO SUrvey = = = = = = = = = = = = = =
1983 2.43 1.69 to 3.13 Mean of estimates for surveys 1 and 2
1984 1.84 1.21 to 2.47 Mean of estimates for surveys 1, 2, 3
1985 0.70 0.50 to 0.:M Mean of estimates for surveys 1, 2, 3
1986 0.62 0.37 tp 0.87 Mean of estimates for surveys 1, 2, 3
*Estimates for 1981, 1983, and 1984 include very small amounts of age-l fish,

e.g., the biomass of age-|
not exceed 0.024% of the total biomass.
only fish age 2 and ol der.

fish in the "annual
The 1985 and 1986 estinmates include

esti mates" for these years did
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Figure 2.--Annual estimates of pollock bionmass determned from 1981
and 1983-86 Shelikof Strait acoustic-midwater traw surveys
(see footnote at bottom of Table 3).
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Figure 3.--Pollock population and biomass age distributions (ages >2)
determned fromthe 1981 and 1983-86 Shelikof Strait
acoustic-midwater traw surveys



Table 4.--Pollock population and hiomass estimates, by age (ages >2), determined from 1981 and 1983-86 Shelikof

Strait acoustic-midwater trawl surveys.

Age
Survey 2 3 4 5 (3] 7 8 9 10 11 12
year
Numbers (millions of fish)
1981 3,704.6 1,490.7 888.5 3,480.1 1,464.1 258.6 151.2 115.7 31.4 3.5 0.0
1982 - = = = - = = = = = 4 & 4 - & 2 4 M m a e e - - NO sSurvey — - = = - = = = = = o « - - & & 0 a4 4 - - - -
1983 757.8 325.7 1,410.0 1,270.3 761.7 648.4 145.2 19.5. 11.9 4.1 1.9
1984 74.2 258.9 231.1 700.9 1,045.0 464 .8 239.8 42.1 3.7 0.0 0.9
1985 218.6 92.4 194.9 111.5 214.0 269,2 103.5 26.0 2.9 1.5 0.6
1986 1,993.1 287.7 44.3 81,7 52.3 89.5 151.3 62.1 11.7 1.8 0.0
Biomass (thousands of t)
1981 350.6 375.0 339.4 1,509.0 756 .1 177 .3 115.8 111.0 27.9 3.2 0.0
1982 = = = = = = = = & - % e - e e - - - - .- 4o No survey - - - - - - - - - - - - - - - - - - o - - - L _
1983 58.9 103.9 570.7 700.8 497.2 360.6 105.1 17.3 12.1 4.8 1.6
1984 8.0 64.1 105.5 405.8 710.5 333.8 169.8 34.8 4.9 0.0 0.9
1985 22.4 27 .1 99.8 67.9 157.2 217.0 86.6 21.5 2.9 1.9 0.6
1986 129.5 60.0 18.6 62.3 44.8 81.8 148.4 62.4 13.2 2.6 0.0

144



Table 5.--Pollock population estimates (numbers in millions), by year class and age (ages >2), determined from 1981 and
1983-86 Shelikof Strait acoustic-midwater trawl surveys.
Year class

Age 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
2 3704.6 * 757.8 74.2 218.6 1993.1
3 1490,7 * 325.7 258.9 92.4 287 .7

4 888.5 * 1410.0 231.1 194.9 44.3

5 3480.1 * 1270.3 700.9 111.5 81.7

6 1464.1 * 761.7 1045.0 214.0 52.3

7 258.6 * 648.4 464.8 269.2 89.5

8 151.2 * 145.2 239.8 103.5 151.3

9 115.7 * | 19.5 42.1 26.0 62.1

10 31.4 * 11.9 3.7 2.9 11.7

1 3.5 * 4.1 0.0 1.5 1.8

12 0.0 * 1.9 0.9 0.6 0.0

*No survey in 1982,

=14
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The 1986 survey estimates of abundance by age confirmed results obtained
in 1984 and particularly 1985 which indicated a strong decline in recruitnent.
Estinmates for the 1980 and 1981 year classes (ages 6 and 5) again denonstrated
their relative weakness. Also, the minor contribution of age-4 fish (1982
year class) is the lowest that has been estimated for that age group. The
1983 year class (age 3) also appears to be relatively weak. Except for the
apparently strong 1984 year class (age 2), the 1978 and 1979 year classes
(ages 8 and 7) were again the nobst abundant ones in the Shelikof population
The abundance of age-2 fish, which can also be seen in the promnent 20-25 cm
mode in the length distribution (Fig. 4), was greater than in any previous
survey year except 1981, when the 1979 year class was a major conponent of the
popul ati on. Thi s suggests that the 1984 year class is substantially stronger
t han average and supports the 1985 estinate of their relative abundance as
1-year-ol ds (Nelson and Nunnall ee 1986).

Al though not as abundant as in 1985, age-lI pollock were found in
significant quantities during each of the 1986 surveys. Biomass estimates
for surveys 1-3, respectively, were 5,700, 6,200, and 2,400 t. Cor respondi ng
nunber estimtes were 306, 333, and 127 nmillion fish. The abundance of age-|
fish in 1986 relative to previous years (Table 6) suggests that the 1985 year
class may be stronger than any of the 1980-83 year classes. The relative
abundance estimates shown in Table 6 are rough approxi mations.

Distribution and variation in Biological Paraneters

The geographic distribution of pollock during each of the three surveys
is shown in Figures 5 and 6. The distribution pattern remained largely the
same as those observed in prior years, with adult fish (ages >3) being
concentrated in the central and western part of the strait by the time of
the third survey (March 22-30). Changes in nean density between surveys
changes in the area occupied by detectable densities, and, consequently,
changes in the survey biomass estimates were relatively mnor. The snal
anount of variability in distribution and abundance during the period of the
survey was sinmilar to that observed in 1985. Length and age distributions
al so remai ned quite stable during the overall survey period (Figs. 7 and 8).

Age-1 fish were found only in the npbst southern part of the survey area
(Fig. 6). In 1985, when l-year-olds were extrenely abundant, they tended to
be located only in the southern half of the strait region, but they occurred
over a significantly larger area than in 1986.

Changes in naturity conposition were basically simlar to those observed
in prior years (Table 7). Prior to the third survey, no spent fish and only
a few spawning ("running-ripe") fish were caught. The naturity infornation
suggests that, as in 1985, spawning probably reached a peak shortly after the
surveys had been conpl et ed.

Pol  ock Target Strength Data Coll ection

Target strength neasurenents nmade with dual beam and split beam systens
were obtained several tines during the surveys. Due to the relatively higher
densities which occurred during the day, these nmeasurenents were nmade only at
night. The target strength data have not yet been anal yzed



27

1000 ]
] 1981
750 4

500 4
250 -

10 20 30 40 50 60

1000 4
1983

A

750 1

500 1

S VAN

||||||

1000 1 1984

PR

750

500 4

Number x 108

o

250 1

10 20 30 40 50 860

10007 1985

7504

A

500 1

2501

:

10 20 30 40 S0 60

1000 1 1986
750+

5001

2507

:

10 20 30 40 50 €0
Fork length (em)

Figure 4. --Pollock population length distributions (sexes conbined)
determned fromthe 1981 and 1983-86 Shelikof Strait
acoustic-mdwater traw surveys.
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Table 6.--Relative abundance of age-l pollock determined from
Shel i kof Strait acoustic-mdwater trawl surveys in
1981 and 1983-86

Survey Year Relative abundance index*
year class Number Biomass
1981 1980 | 26.3 26.3
1982 === = = = e == - - - NO SUrVeYy = = = = = = = = = =
1983 1982 ; 162 1.3
1984 1983 ? 1.0 | 1.0
1985 1984- i 5,682.0 5,750.0
1986 1985 “ 1,142.0 1,156.0

*Small differences between the number and biomass indices are
' caused by differences between years in estimates of average
weight.
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Table 7.-- Percentage maturity conpositions (percent) for age-3 and ol der
femal e poll ock sanpled during 1983-86 Shelikof Strait acoustic-
m dwater traw surveys.

Maturity stage

Survey number

Year and period Immature Developing Mature Spawning Spent
1983 1 March 6-15 0.0 17 .4 82.1 0.5 0.0
2 March 156-19 0.0 15:2 81.2 2.8 0.8
3 Aapril 6-12 0.0 17.9 5.8 12.8 63.5
1984 1 March 1-9 6.4 21 .6 72.0 0.0 0.0
2 March 9-16 0.0‘ 11.9 86.3 1.4 004

3 March 16-18* ——— - - - -

4 MarCh 22"25 0.6 14-2 48.5 33-0 3-6
5 April 1-7 0.0 2.3 14.1 28.5 55.1
1985 1 Feb. 21-28 0.0 ' 15.4 84.6 ‘ 0.0 0.0
2 March 1-9 3-7 33.9 62.4 0.0 0.0
3 March 14-20 0.7 30.3 65.5 3.5 0.0
4 March 21-28 0.3 17.9 55.4 20.1 6.3
1986 1 March 5-12 0.9 27.4 70.9 0.9 0.0
2 March 13-21 147 20.8 69.2 8.3 0.0
3 March 22-30 0.6 13.8 58.0 16.6 11.0

*Maturity by age data were not obtained for the March 16-18 survey.
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RESULTS OF SOVI ET RESEARCH VESSEL d SSAR SURVEYS

The area covered by the G ssar's echo sounder survey and nost of its traw
sampling is shown in Figure 9. Twenty-eight of 33 trawl hauls (Table 8) mmde
during the two surveys were located in this area. The other five hauls,
nunbers 29-33 in Table 8, were nade between Kodi ak | sl and and Uni mak Pass
during the ichthyoplankton survey. The aggregations of echo sign outlined in
Figure 9 indicate |ocations where pollock or other fish were detected in
mdwater. The data from the G ssar's surveys, which were partially affected
by on-board sanpling problens, are still being examned. The renainder

of this section is a synopsis of the main results of the surveys.

No | arge concentrations of adult (ages > 3) pollock were found in the
area between Kodiak Island and Yakutat. There were only two significant
m dwater traw catches of adults in this area. These occurred southwest of
M ddleton Island (haul 7) and near Amatuli Trench (haul 25). Each of the
other five mdwater traw catches of pollock in this area (hauls 1, 4, 5, 23,
and 28) were nmainly or entirely juvenile fish (ages 1 and 2). Small quanti-
ties of adult fish were taken in five of the seven bottomtraw hauls. It
appears that nost of the echo sign observed in the area between Kodi ak |sland
and Mddleton Island was due to the presence of juvenile pollock (ages 1 and
2). This is based on an exanination of the echo signatures and the results
of the midwater traw sanpling. Bottomtraw catches made in the areas where
concentrations of echo sign were located in the eastern side of the gulf
(hauls 12, 13, 15, and 16) indicate that the sign was due mainly to rockfish,
particularly rougheye rockfish (Sebastes al eutianus) and Pacific ocean perch
(Sebastes al utus).

Pol I ock were caught in each of the five nmidwater trawl hauls made during
the ichthyoplankton survey between Kodiak Island and Unimak Pass. Three of
the catches (hauls 30, 32, and 33) were entirely adult fish.

DI SCUSSI ON

The results of the 1986 Shelikof pollock surveys were basically in
agreenent with forecasts of the abundance and age conposition of the stock
Unlike the situation observed in previous years, the survey biomss estimte
of 493,000t for adult fish (ages > 3) exceeded by 17%the forecast estinate
(420,000 t). The reason for this reversal in the trend for the bionass
projections to exceed the survey estimates is unknown. However, it my be
related to the fact that, since 1982, the Shelikof joint venture catch has
becone an increasingly large fraction of the total @Qulf of Al aska catch
Megrey and Alton (1986) speculated that the increasing inportance of the
joint venture fishery relative to the foreign fishery may be one reason why
di fferences between the acoustic survey and catch-at-age anal ysis estinates
of biomass decreased noticeably between 1983 and 1985. (The joint venture
fishery is essentially a spring fishery, taking place at about the same tine
and |ocation as the acoustic surveys. The snmaller foreign fishery does not
simlarly coincide with the acoustic surveys.) Although the agreenent between
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Table S.--Station and catch data for mdwater and bottom trawl hauls made during 1906 Soviet RV G ssar
surveys in the aulf of Al aska.

Average Catch (1b)
Dura=- depth (fm) ‘
Start position tion (footrope/ o Other
Haul No. Date Lat.(N) Long.{(W) (h) bottom) Pollock Eulachon Herring Capelin species
1
Survey 1 (March 19-29)
1 /21 58°39! 150°38" 0.25 96/118 127a 3 T T 0
2 /N 59°04! 150°08" 1.00 55/99 0 0 0 0 0
3 3/22  57°42! 149°43" 1.00 128/478 0 0 0 0 0
4b 3/22 58°45" 149°38' ° 1,00 28/100 ™ 0 30,800 0 a5
5 3/23 58°57! 149°02" 1.00 72/112 6272 T 5 2 1,716
6 3/24 5917 147°08' 1.00 72/111 0 344 13,327 344 58
7b 3/25 59°11! 147°04" 0.83 115/341 6,250 [¢] 0 0 376
8 3/25 59912 146°47" 0.25 133/365 0 0 0 0 233
9 3/25 59°19! 146°01" 0.50 1337472 .0 37 o] 0 26
10 3/25 59°17! 145°27! 0.50 45/750 .0 0] 0 o] 0
1M 3/26 59925! 144°54' 0.50 159/763 0 0 o] 0 0
12¢ 3/27  59°28'  142°00'  0.50 102/102 62 6 0 0 259
13¢ 3/27 599251 141°58" 1.00 106/106 0 47 51 2 3,104
14 © 3727 59°15! 142°00" 0.50 125/347 0 o] 0 o] 0
15¢ 3/28 58°42" 140°29" 0.05 111/111 3a 0 0 0 525
16€ 3/28 58°55'  140°30° 0,27 100/100 5a 7 2 0 383
Survey 2 (March 29-April 18)

17P 3/30 58°30! 139°27° 1.00 61/100 0 0 11,539 0 121
18 3/3 59°34" 143°33" 0.50 50/122 0 0 . o} 0 15
19b 4/02 59220 146°25" 0.25 63/66 0 0 11,000 0 11
20 4/03 59°20° 147°08"' 0.27 66/108 o] 0 59 1M 0
21 4/04 58°45" 148°2%" 0.25 27/149 0 0 0 66 0
22 4/04 59°00' 148°19° 0.55 77/121 0 275 224 672 766
23 4/05 59°40' 148°54" 0.67 60/98 46448 8 26 37 135
24¢ 4/05 59°20°* 149°01' 0.50 105/105 52 0 0 0 219
25 4/07 59°01" 149°46" 0.50 99/126 564 589 0 0 116
26¢ 4/08 58°26° 149°46"' 0.50 81/81 ‘ 28 0 0 0 72
27¢ 4/08 58°07" 149°37! 0.50 127/127 . 24 2 0 T 166
28 4/08 58°04" 149°39! 0.50 66/107 1,9734 24 0 1,565 103

dprimarily juvenile fish (ages 1 and 2).
brPactory weight estimate.
€Indicates bottom trawl haul.

T: Catcp <1 1lb.
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survey and fishery-based analyses is relatively high, it is still apparent
that a basic issue affecting assessnment and nanagenent of the gulf pollock
resource is our lack of reliable information on the relationship between the
Shel i kof stock and the total resource. The Gssar's survey results, |ike
those fromother limted survey efforts conducted outside Shelikof Strait
(Nel son and Nunnal | ee 1985), suggest that nost of the spawning by western
Qul f of Alaska pollock occurs in the strait. However, a nore conprehensive
survey of the gulf, including waters seaward of the Continental Shelf, is
needed to better define the stock structure and biol ogy of gulf pollock

As di scussed by Nelson and Nunnal | ee (1985) and Nel son and Nunnal | ee
(1986), inprovements in acoustic survey techniques are needed to better
define the accuracy of the survey biomass estimtes. In particular, it is
i nportant to obtain size-specific in situ estimates of pollock target strength
during the surveys and to conpare themto the estimates that have been used
to date. As indicated in this report, both dual beam and split beam measure-
ments were obtained in 1986, and results of their analysis will be available
in 1987.

Research on Gulf of Alaska pollock in 1987 will include: 1) continuation
of the Shelikof survey programin a manner conparable to that conducted in
1986 (i.e., a series of surveys will be conducted in March); 2) analysis and
further collection of pollock target strength data; and 3) nore detail ed
anal ysis of the pollock catch and biol ogical data available fromthe Shelikof
surveys.
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CONDI TI ON OF THE WALLEYE POLLOCK RESOURCE
OF THE GULF OF ALASKA AS
ESTI MATED I N 1986

by

Bernard A. Megrey and Mles S. Alton

| NTRODUCTI ON

W continue to treat the walleye pollock (Theragra chal cogramm) that
i nhabit the western Gulf of Alaska (fromthe Fox Islands, 170° W long., to
the vicinity of Prince WIliam Sound, 147° W long.) as one stock. Virtually
all of the pollock catch fromthe Gulf of Al aska since 1982 has come from
this region. Pollock in the eastern Gulf of A aska (147° W |ong. eastward
to Dixon Entrance) is considered a separate stock whose bi omass was esti nated
at 89,000 to 177,000 nmetric tons (t) fromresearch surveys in the md-1970s
(Al'ton and Deriso 1983). Biomass of the western Gulf of Al aska stock has
declined to less than 500,000 t in 1986 from peak levels of over 2 mlliont
in 1981-83 (Nelson and Nunnallee 1987, in this report). Biomass is expected
to increase in 1987.

Total renovals fromthe stock have fallen froma peak of 306.7 thousand t
in 1984 to 284.9 thousand t in 1985  Optinmumyield (OY) was reduced by the
North Pacific Fishery Management Council (NPFMC) to 100,000 t in 1986--116,000 t

in the gulf overall (Table 1).

This report updates the assessment given by Alton and Megrey (1986) by
providing (1) the results of an age-structured analysis that include the nost
recent year (1985) of catch-at-age data, and (2) a 4-year forecast (1987-90)
of annual abundance.

CHANGES | N ABUNDANCE DETERM NED FROM AGE- STRUCTURED ANALYSI S

The catch-at-age data set used as input data to this year's analysis
consi sts of estimtes of pollock catch-at-age aggregated over all nations,
vessel classes, and International North Pacific Fisheries Conm ssion (INPFQ)
statistical areas, 1976-85. Also, fishery-independent data, consisting of
hydr oacousti c bionass estimates of the Shelikof Strait spawning poll ock
popul ation for calendar years 1981, 1983, 1984, and 1985 (Nelson and Nunnallee
1986), were incorporated into this year's analysis. A single set of average
wei ght -at -age values used in two previous analyses (Alton and Deriso 1983
Megrey 1985) were used in this analysis. These are shown bel ow

Age 3 4 5 6 7 8 9 10

Weight (kg) 0.471  0.565 0.637 0.686 0.760 0.849 0.872 0.855



40

Table 1.--Catch (1,000 t) of pollock in the @ulf of Al aska, by fishery
category, 1977-86
Year Foreign Joint venture Donestic Tot al
1977 117.8 0 T 117.8
1978 96.3 ‘ T 1.0 97.3
1979 103.8 0.6 : 2.0 106.4
1980 113.0 1. 0.9 115.0
1981 130.3 16.8 0.6 147.7
1982 92.6 ©73.9 2.2 ‘ 168.8
1983 81.4 134.1 0.1 215.6
1984 99.3 20741 0.3 306.7
1985 31.6 237.9 15.4 284.9
1986* 0.1  52.3 4.6 57.0

*Jan.-Aug.

T: Trace.

Sour ces:
(1986) ;

Foreign and joint venture catches 1977-84: Berger et al
1985 and 1986: personal communication with Jerald Berger,

U S. Foreign Fisheries Observer Program Northwest and Al aska
Fisheries Center, National Marine Fisheries Service, NOAA, Bin

C15700,

Building 4, 7600 Sand Point way NE., Seattle, WA 98115.

Donestic catches 1978-80: Rigby (1984); 1981-86: Pacific Fishery
Information Network (PacFIN), Pacific Mrine Fisheries Conm ssion,
305 State Ofice Building, 1400 SW Fifth Avenue, Portland, OR

97201.
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Model Description and Methods

The CACEAN separable, non-linear, log catch nmobdel (Deriso et al. 1985)
was applied to the all-nation catch-at-age data using a constant natura
mortality rate of 0.4. an bootstrap means are based on 50 bootstrap replica-
tions. Because the fishery changed in 1982 (Alton and Deriso 1983), the node
is configured to annually partition age-specific selectivities into a pre-1982
(1976-81) group and a post-1982 (1982-85) group. For the pre-1982 group
selectivities are estimated for ages 3 to 6 over the period 1976-81. Ages
7 to 10 are assumed to be fully recruited (i.e., selectivity = 1.0) over the
pre-1982 period, so parameters for these selectivities are not estinmated. For
the post-1982 group,, selectivities for ages 3 to 6 are constrained to be equa
to the 1976-81 values, while selectivities for ages 7 to 10 are allowed to be
estimated from the period 1982-85.

Deriso et al. (1987) discussed extensions to the CAGEAN nodel that
permt the incorporation of fishery-independent data into the analysis. One
of these extensions was inplenented in this, year's analysis using population
bi omass estimtes from hydroacoustic surveys.

Hydr oacousti c popul ati on bi omass estimtes (Bh) for ages 3 to 10 were
used along with the catch bionass estimates (Bc) for ages 3 to 10 to calculate
an annual full-recruitment exploitation fraction (u = Bc/Bh) for years 1981
1983, 1984, and 1985. Annual catch bionass estinmates (Bc) were cal cul ated
usi ng observed catch-at-age data (in nunbers) multiplied by the average
wei ght - at -age values provided above. These calculated exploitation fractions,
along with an estimate of natural nortality (M, are used to estinate the
annual instantaneous full-recruitment fishing mortality rate (F) using the
equation

u.=___, (1=-exp(=(F+M))). (1)
F + M

Solutions for F fromequation (1) are used as estimtes of annual effective full-
recruitment fishing effort in the effort-auxiliary sums of squares term of the
CAGEAN nodel (see equation 9 in Deriso et al. 1985). This approach assumes that
the relationship between fishing nortality and fishing effort is not exact. In
this analysis the catchability coefficient is constrained to be equal to 1.0.

Annual effective-effort parameters estinmated fromthe CAGEAN nodel can
be different from values calculated from equation (1). The degree of difference
depends on how strongly the effort-auxiliary sumof squares termis weighted.
The weighting factor for the effort-auxiliary sumof squares termin this
year's application was set to 0.5. This value is based on results of an
analysis of the sensitivity of the nmodel output to the value of the weighting
factor.
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Bi omass Estimates

Biomass estimates (ages 3-10) from the different sources and results
from calculations are presented below:

Hydroacoustic

"biomass ‘' Catch ' Effective

estimate ‘ estimate Exploitation effort £
Year (million t) ' {t) fraction {q = 1.0)

|

1981 3.41 113,689 0.0333 0.0411
1982 - : - - . -
1983 2.37 224,056 0.1030 0.1328
1984 1.83 289,096 0.1580 0.2111

1985 0.68 . 238,716 0.3511 0.5419

Resul ts

Results fromthe stock assessnent show a continued decline in the
abundance of pollock in 1985. Popul ati on abundance has been declining since
1983 after peaking in 1981 or 1982. Estimates of selectivity are sinmlar to
results of earlier analyses. Estimates of these paraneters are

Age 3 4 ) 6 7 8 9 10

Selectivity 0.300 0.551 0.811 0.885 0.578 0.390 0.203 0.043

The abundance estinmates of 3-year-old recruits are presented in Figure 1
The estimtes of the popul ation as 3-year-olds (billions of fish) are:

Year 1976 1977 1978 ' 1979 1980 1981 1982 1983 1984 1985
Year class 1973 1974 1975 . 1976 1977 1978 1979 1980 1981 1982

Population :
estimate 0.39 0.32 1.27 ' 1.78 161 2.11 1.26 0.28 0.24 0.025

The estimate for the 1982 year class appears to be one of the weakest on
record (25.4 nillion fish). This value is an order of magnitude |ower than the
poor 1980 and 1981 year classes. There is evidence from other sources to
confirm that the 1982 year class was indeed exceptionally low. This year
class, observed as 3-year-olds in 1985, nmde a poor showing in the 1985 fishery,
and it is difficult to say if the | ow nunbers reflect reduced popul ations or
limted availability of the age group to the fishery in 1985. This year class
al so showed up in very |ow numbers, conpared to other years, in the hydroacoustic
popul ation estimtes (Nelson and Nunnallee 1987, in this report). Their
data show that the abundance of the 1982 year class (74.2 million, estimted
as 2-year-olds in 1984) was an order of magnitude |ower than the estimated
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abundance of the 1981 year class (757.8 mllion estimated- as 2-year-olds in
1983). Since 1984, when the 1982 year class was first observed as 2-year-olds,
hydr oacoustic popul ation estimtes fromthis year class as 3-year-olds in

1985 and as 4-year-olds in 1986 have been far bel ow estinates of the same age
groups in other years. The poor 1982 year class follows two back-to-back poor
year classes (1980 and 1981), thus contributing to the continual decline of
the popul ation biomass.

Estimates of total popul ation bionmass fromthe catch-at-age analysis
agree well with independent hydroacoustic estimates (Fig. 2). The slopes of
the decline fromthe two estinates over the 1983-84 period appear simlar
but biomass estimates from catch-at-age analysis are [ower than the hydroacoustic
estimates by an anmount that is roughly constant. The estimates have all but con-
verged in 1985.

FORECASTS OF ABUNDANCE:  1987-90

Projections of bionmass (age 3 and ol der fish) in Shelikof Strait for
early 1987 and subsequent years are given for four recruitment scenarios and
five annual catch schedules. The projections were initiated using the 1986
hydroacoustic-trawl survey estimate of bionmass of age-3-and-ol der fish
(490,000 t) and its age conposition in numbers. Recruitnment is defined as the
number of 3-year-old fish present at the beginning of the year and is given
at three levels: 0.3 billion fish for poor recruitnment, 0.9 billion fish for
average recruitnent, and 1.5 billion for strong recruitnent. These levels
wer e approxi mated by averagi ng the popul ati on nunbers of 3-year-olds estimted
from age-structured analysis (Fig. 1) for poor year classes (1973, 1974, 1980,
and 1981), for strong year classes (1975-79), and for all year classes (1973-
82). The levels for poor and average recruitnent differed from those that
were used in a previous forecast (Alton and Megrey 1986) where poor recruit-
ment was 0.5 billion fish and average recruitment was 1.0 billion fish. The
new levels reflect the results of the updated age-structured anal ysis presented
above.

Al four recruitment scenarios (Fig. 3) assume that the recruitment of the
1983 year class in early 1986 was poor. For scenario A recruitnent is strong
in 1987 (1984 year class) but only average for subsequent years (1988-90).
That the 1984 year class is strong has so far been indicated by the exceptiona
nunbers of this year class that have been found during the hydroacoustic-traw
surveys in 1985 (I-year-olds) and in 1986 (2-year-olds) (Nelson and Nunnallee
1987, in this report). For scenario B, however, the 1984 year class is
conservatively set at average, and like scenario A, recruitnent is average for
1988-90. For both scenarios C and D recruitment is given as poor in 1989 and
1990 because the recruiting 1986 and 1987 year classes were produced in years
when the spawning bionmass was estinmated to be |ow (1986) or projected to be
low (1987). We also assunme that these bionasses are bel ow the threshol d
of levels having some |ikelihood of producing average-to-strong year classes.
This will be discussed further in the following section. COher than these
poor recruitment levels for 1989 and 1990, scenario Cis identical to A and
D to B for the 1986-88 recruitment schedule (Fig. 3).
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Figure 3. --Forecasts of total biomass (age-3-and-older fish) in Shelikof Strait (Jan.-Apr.)

in 1987-90 given four
description of

text for

likely recruitnent
catch schedul es).

scenarios and catch schedules O 4 (see
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For each scenario five projections were nmade, each having a different
annual catch schedule for years 1987-90. These schedules begin with a prelim
inary estimate of the 1986 catch and are as foll ows:

Catch (1st half of year/2nd half of year) (1,000 t)

Schedule 1986 1987 ‘ 1988 1989 1890
0 52/10 0 0 0 0
1 52/10 50/20 50/20 50/30 50/30
2 52/10  100/20 100/20 100/30 100/30
3 52/10 100/20 150/20 200/30 200/30
4 52/10 150/20 | 150/20 150/30 150/30

For all scenarios the biomass is expected to increase to 660,000 t in
1987 if strong recruitment occurs or to 530,000t if recruitment is only
aver age. Beyond 1987 the bionmass woul d continue to increase each year for
the nost optimstic scenarios (A and B) and if the annual catch is 130,000 t
or less (schedules 0 to 2). However, for the less optimstic scenarios the
bi onmass woul d markedly decline in 1989 and 1990 if annual catches foll ow
schedules 2 through 4. Even for the optimstic scenarios bionmass woul d either
show little gain, or even a loss, if catch schedules 3 and 4 are followed.
The projections for 1988 and beyond have their value in show ng the consequences
of catch levels set in 1987

CONDI TI ON OF STOCK

In the brief period for which we have estinates of changes in stock size,
we have seen rapid rises as well as declines in biomass because of strong or
weak pulses in recruitment. A series of weak year classes (1980-82 and possibly
1983) contributed to the current decline in biomass. The decline was particu-
larly sharp between 1984 and 1985 when the hydroacoustically assessed bi omass
dropped from 1,840,000 t to 700,000 t (Nelson and Nunnall ee 1986). The bio-
mass projection for 1985 (Alton and Rose 1985) was 1,200,000 t, an over-
estimate of 71% Alton and Megrey (1986) were not able to adequately explain
the di screpancy and di scussed the possibility that a significant portion of
the stock may not have been available for assessnent in early 1985. These
unavail abl e fish may have been near the sea bottomin Shelikof Strait beyond
t he assessnent reach of the hydroacoustical equi pment or outside the Shelikof
Strait area. Since the unavailable fish appeared to be mainly older fish, it
also raised the possibility, that the decline was related to the older fish
suffering a higher natural nortality than estimated for the 1985 projection

In contrast to the greatly overestimated 1985 projection, the 1986 projec-
tion of 420,000t (Alton and Megrey 1986) underestinmated by 14% what was nydro-
acoustically assessed (490,000 t). Projections so far have been consi stent
with the acoustic assessment in terms of trends but inconsistent in their
accuracy. Alton and Megrey (1986) forecasted that the 1986 biomass woul d be
the lowest on record, but that there would be an upswing in 1987 because of
the likelihood of strong recruitment of the 1984 year class.
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Since recruitment plays a key role in the rise and fall of the pollock
bi omass, we need a better understanding of those conditions which bring about
year-class success or failure. Megrey (1985) suggested that recruitment may
be closely related to stock size and may follow the Ricker nodel (Ricker
1975) where, when stock size reaches a high level, density-dependent effects
begin reducing recruitment, and when stock size drops below a certain |evel
recruitnment is reduced because of the lowering of reproductive output.
Currently, this relationship is based on a limted nunber of data points
(n=7). Until the spawner-recruitment relationship can be better defined,
we are left comparing trends in year-class strength to the popul ation bi onmass
l evel that gave rise to a year class. Results from catch-at-age and hydro-
acoustic anal yses show that strong year classes were produced by stock bio-
masses that have ranged from 768,000 t (1977 year class) to 1,830,000 t (1984.
year class). \Wen stock biomass was over 2 nillion t, poor year classes
occurred (1980-82). The 1982 year class appears to be the weakest on record.
What we do not know is how | ow the bi omass has to decline before the stock is
unlikely to produce strong as well as average year-class abundance. That
| evel of stock size is presumably sonmewhere bel ow 768,000 t. In 1986 stock
bi omass fell to 490,000 t. In our forecasts we have considered the possibil-
ity that because of this |ow biomass the cohort produced that year will be
poor (recruitment scenarios C and D, Fig. 3). W have also considered the 1987
year class to be poor in these scenarios, since not only will the projected
1987 bi onass be | ow (530, 000-660,000 t) but it will conprise a high proportion
of immature 3-year-old fish fromthe strong 1984 year class. The effect of
such poor recruitment fromthe 1986 and 1987 year classes would result in
margi nal gains in stock biomass in 1989 and declines in bionass in 1990 for
the 70,000-80,000 t annual catch schedule (Fig. 3). But all scenarios presup-
pose the 1985 year class to be of average abundance, and this is because the
bi onass that produced this cohort (680,000 t) was less than the m ni mum
bi onass (768,000 t) which is known to have produced a strong year class. If
the 1985 year class recruits strongly to the stock in 1988, follow ng an
average 1984 year class, the inpact of two successive poor year classes
recruiting in 1989 and 1990 woul d be expected to stabilize the biomass in
these years at levels of 950,000 t or nore (biomass change and | evel would be
simlar to scenario D where no annual catch is taken from the stock in 1987-90
Fig. 3).

G ven the uncertainties of the abundance of the 1985-87 year classes, a
conservative catch level for 1987 would be 70,000 to 90,000 t, with the latter
catch resulting in a projected biomass slightly less than the projections for
the 70,000 annual catch schedule. Catch |levels of 70,000 to 90,000 t would
l'ikely allow substantial bionmass gains between 1987 and 1988, whether recruit-
ment in in 1987 is strong or just average. |If the catch level is 120,000 t,
only marginal gains in biomass would likely be realized in 1988, particularly
if the 1984 year class recruitment is only average. However, current inform-
tion (Nelson and Nunnallee 1987, in this report) continues to suggest strong
recruitment in 1987.
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SABLEFI SH

by

Jeffrey T. Fujiok§/
| NTRODUCTI ON

The sabl efish (Anopl opona finbria) resource in the northeastern Pacific
Ccean extends fromnorthern Mexico to the Gulf of Al aska, westward to the
Aleutian Islands, and into the Bering Sea. This resource has been harvested
by U S. and Canadi an fishernen since the early 1900s, but catches were rel a-
tively small and generally limted to areas near fishing ports fromCalifornia
to southeastern Alaska. Annual catches in the Gulf of Al aska averaged about
1,500 netric tons (t) in 1930-50, and exploitation rates remined | ow unti
Japanese longliners began operations in the eastern Bering Sea in 1958. The
Japanese fishery expanded rapidly and took as nuch as 30,000 t in the Bering
Sea as early as 1962 (Narita 1983). The Japanese longline fleet expanded in
1963 to the Aleutian Island region and the Gulf of Alaska. Catches rapidly
escal ated until the record all-nation catch fromthe northeastern pacific
Ccean reached 67,000 t in 1972 and averaged about 50,000 t in 1973-76.

Evi dence of declining stock abundance has led to significant fishery
restrictions since 1977, and total catches have been reduced substantially.
Until 1977, the najority of the sablefish harvest was taken fromthe Gulf of
Alaska. But beginning in 1978, regulations on foreign fleets in the Qulf of
Al aska, coupled with sharply increased US. effort off Washington-California,
reduced the proportion of total sablefish harvested in the gulf. Catches in
1978-83 averaged 13,695 t off Washington-California, 3,212 t off Canada, 612 t
in the Aleutian Islands, 2,164 t in the Bering Sea, and 9,206 t in the Gulf
of Alaska. Catches in the gulf have increased steadily since 1982 to approxi -
mately 21,000 t in 1986.

FI SHERY STATI STI CS

A summary of the annual sablefish landings fromthe Qulf of Al aska, by
nation, is given in Table 1. The harvest was first expanded in 1963 by the
addition of the Japanese traw fisheries. The reported |andings exceeded
15,000 t in 1968, corresponding to the start of the Japanese longline fishery.

YThis report is a revised update of Fujioka (1986).

2 Auke Bay Laboratory, Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA, P.O Box 210155, Auke Bay, AK 99821.
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Table 1 .--Catch (t) of sablefish (Anoplopoma finbria) in the Gulf of Al aska
by nation, 1958-86

Year uU. S. Canada Japan US SR ROK® Tota
1958 698 98 ‘ -- -_— - 796
1959 1,048 52 | - - - 1,100
1960 1,925 217 ; - - -- 2,142
1961 866 31 ‘ - - - 897
1962 684 47 : - - -- 731
1963 881 109 : 1,819 - -- 2,809
1964 1,172 238 | 1,047 - - 2,457
1965 1,047 194 ‘ 2,217 -- -- 3,458
1966 1,067 1335 3,777 -- - 5,179
1967 946 199 : 4,998 - - 6,143
1968 , 161 128 14,759 - -- 15,048
1969 301 72 19,003 -— - 19,376
1970 578 68 24,497 - - 25,143
1971 387 15 25,228 -- - 25,630
1972 1,086 16 35,558 535 308 37,503
1973 1,245 10 27,264 109 ‘ 58 28,692
1974 - 1,111 10 24,176 38 3,000 28,335
1975 1,557 16 22,072 33 2,167 26,095P
1976 1,151 23 21,924 M 3,551 27,738¢
1977 1,179 3 14,350 9 1,599 17,140
1978 1,738 1 6,458 4 665 8,866
1979 3,447 0 5,919 152 759 10,3509
1980 2,384 0 4,831 416 891 8,542¢
1981 1,941 0 6,910 0 1,062 9,917%f
1982 2,910 0 4,921 0 724 8,5569
1983 3,761 0 4,334 0 632 9,0020
1984 8,594 0 844 0 256 10,2301
1985 12,2153 0 30 0 8 12,479k
1986 20,748 0 1 0 0 20,7491

®Republ i c of Korea

“I'ncl udes 250 t by Tai wan.

“Includes 1,048 t by Tai wan.

% ncl udes 55 t by Mexico and 18 t by joint venture fisheries.

®Includes 20 t by joint venture fisheries.

"Includes 4 t by Pol and.

%'ncludes 1t by joint venture fisheries.

"I'ncl udes 275 t by joint venture fisheries.

"I'ncludes 528 t by joint venture fisheries and 8 t by Pol and.

'I'ncl udes 675 t caught by freezer boats and | anded in Washington state and
174 t taken in Prince WIliam Sound. Neither catch was reported to PacFIN

“I'ncl udes 226 t by joint venture fisheries.

'I'ncl udes 45 t by joint venture fisheries (PacFin report no. 002, 12 March

1987).

Sour ces: 1958-83: Stauffer (1985); 1984-86: Pacific Fishery Information Network
(PaCFIN), Pacific Marine Fisheries Comm ssion, 305 State Office Building, 1400 SW
Fifth Avenue, Portland; OR 97201; 1985 (catches in footnote j): persona
communi cation with Fritz Funk, Al aska-Departnent of Fish and, Gane, P.QO Box

3-2000, Juneau, AK 99802
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Catches peaked in 1972 at 37,503 t and averaged 27,715t in 1973-76. In
conpliance with the Magnuson Fishery Conservation and Management Act, catch
quotas were first inplemented in 1977. The foreign harvest of sablefish has
since declined from 15,961 t in 1977 to 38 t in 1985 and 1t in 1986. U.S.
donestic harvests in 1976-82 averaged 2,113 t, but increased to 9,122 t by
1984 (including 528 t taken by joint venture fisheries). The donestic sable-
fish fishery conpletely replaced the directed foreign fishery in the North
Pacific Fishery Managenent Council (NPFMC) Central and Eastern Regul atory
Areas by 1984 and nearly so in the NPFMC Western Regul atory Area in 1985.
The U.S. donestic harvest clinbed to 12,441 t in 1985 although the joint
venture catch (which is included) decreased from 528 to 226 t. The U.S.
donestic harvest in 1986 increased to 20,793 t, of which only 45 t was taken
by joint venture fisheries.

During its existence, the directed foreign sablefish fishery in the Gulf
of Alaska was regulated to the use of longline gear. Allowance for incidental
catches of sablefish in trawls continued, and in 1979-84 the incidental
catches were 686 t, 1,422 t, 919 t, 540 t, 514 t, and 371 t, respectively
(average 742 t). Domestic sablefish gear in the gulf through 1983 consi sted
al most exclusively of longlines. Trap gear caught 105 t in 1984 and 2,141 t
in 1985 (18% of the gulf-w de donestic catch). The longline fishery harvested
77% of the donestic catch in 1985, and the remaining 5% was harvested prinmarily
by the tram fishery (Table 2). In 1986, the longline fishery harvested
roughly 75% of the donestic catch; the trawl fishery, 16% and trap gear, 10%
(Table 3).

The gulf-wide optimumyield (OY) was set at 22,000t in 1977 (Table 4).
The OY was reduced to 15,000t in 1978 and 13,000 t in 1979 by the inplenenta-
tion of the fishery managenment plan (FMP) for the Qulf of Al aska groundfish
fishery. Furthernore, the OY was prorated-- 2,100 t to the Western Regul atory
Area (International North Pacific Fisheries Commission (I NPFC) Shumagin
Statistical Area), 3,800t to the Central Regulatory Area (INPFC Chirikof and
Kodi ak Areas), and 7,100 t to the Eastern Regul atory Area (I NPFC Yakutat and
Sout heastern Areas). The 1981 OY was 13,000 t (12,300 t in the fishery
conservation zone (FCZ) and 700 t in waters under Al askan jurisdiction).
Tenmporarily, the 12,300t in the FCZ was increased by 16.7% and the season
was expanded to 14 nonths to nmake the reporting and cal endar years coincide.
In 1982, for the first time, the NPFMC Eastern Regul atory Area OY of 6,400 t
was partitioned into the INPFC Yakutat and southeastern Areas. Gulf-wide,
the OY remained at 13,000 t. Amendment 11 to the FMP in 1983 established OY
at 8,230 to 9,480 t, 75% of equilibriumyield (ZY). To allocate OY, the
Eastern Regulatory Area was repartitioned in 1983 into subareas east and west
of 140° W long. The subarea west of 140° W long. consists of the western
part of the INPFC Yakutat Area, and the subarea east of 140° W |ong. consists
of the eastern portion of the | NPFC Yakutat Area and the portion of the I NPFC
Sout heastern Area |lying outside Alaskan jurisdiction. The subarea east of
140° W long., although considered as a single area in terns of OY allocation,
is managed as two areas-- East Yakutat and Southeastern (Fig. 1). The 1983 OY
was mmintained in 1984 and 1985. The OY was increased in 1986 to 15,000 t
and allocated to the regulatory areas in proportion to the estimted bi omass
at depths >400 m 2,850 t to the Western Regulatory Area, 6,150 t to the
Central Regulatory Area, and 6,000 t to the Eastern Regulatory Area.
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Table 2.--Domestic processed catch (t) of sablefish (Anoplopoma finbria) by
gear and NPFMC regulatory area, 1985.

Area
Gear Western Central Eastern Total
Longline 1,236 2,835 5,368 9,439
Trawl 15 ‘ 5322 34 581
Trap 704 577 8600 2,141
Other gear 0 0 55 55
Total 1,955 3,944 6,317 12,216

% ncludes 174 t caught in Prince Wlliam Sound. This was not reported to
PacFI N.

®I'ncludes 675 t caught by freezer boats and |anded in Washington State.
This was not reported to PacFIN

Sour ces: Pacific Fishery Information Network (PacFIN), Pacific Marine

Fi sheries Commission, 305 State Ofice Building, 1400 SW Fifth Avenue
Portland, OR 97201, except for catches referred to in footnotes a and b.
These were obtained via personal communication with Fritz Punk, Al aska
Departnent of Fish and Gane, P.O Box 3-2000, Juneau, AK 99802
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Table 3.--Donmestic catch (t) of sablefish (Anopl opoma finmbria) in the Gulf of
Al aska, by gear and NPFMC regul atory area, 1986.

Area
Gear Western Central Eastern Total
Longline 1,794 5,100 8,629 15,523
Trawl 695 1,764 765 3,224
Trap 787 1,193 21 2,001
Total 3,276 8,057 9,415 . 20,748

Source: Pacific Fishery Information Network (PacFIN), Pacific Marine Fisheries
Commi ssion, 305 State Office Building, 1400 SW Fifth Avenue, Portland, OR
97201 (report no. 124, 16 February 1987).
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Table 4.--Year-end optimum yield (OY) of sablefish (Anoplopona finbria) donestic
annual harvest (DAH), and total allowable |evel of foreign fishing
(TALFF) for the aulf of Al aska, be NPFMC regul atory area, 1977-86.

. Area
Year Wesgtern Central Eastern Total
1977 oy : o 22,000
DAH ‘ o 2,500
TALFF ‘ ) 19,500
1978 oy ‘ 15,000
DAH ‘ 4,000
TALFF ‘ 10,200
1979 oY 2,100 ‘ 3,800 7,100 13,000
DAH " 100 100 ‘ 3,800 4,000
TALFF 1,965 3,570 3,270 8,805
1980 OY 2,100 ; 3,800 7,100 ‘ 13,000
DAH 25 ‘ 171 4,812 5,008
TALFF 2,075 ‘ 3,629 2,288 , 7,992
1981 oY 2,450 4,433 7,466 14,3493b
DAH - 115 ‘ 423 3,805 4,343
TALFF 2,335 1 . 4,010 3,661 10,006
Yakutat . SE
1982 oY 2,100 f 3,800 3,400 3,000 12,300P
DAH 270 : 750 1,380 2,910 5,310
TALFF 1,830 ‘ 3,050 2,020 90 6,990
West 140° W. East 140° W.
1983 oY 1,670 3,060 1,680 1,320-2,570€ 7,730-8,980P
DAH 270 ‘ 400 266 1,320-2,570 2,256-3,506
TALFF 1,400 : 2,660 1,414 0 5,474
1984 oY 1,670 . 3,060 1,680 1,320-2,570€ 7,730-8,9800
DAH 556 ! 2,262 1,344 1,320-2,570 5,482-6,732
TALFF ‘ ’
+ RES. 1,114 3 798 40 0 1,952
1985 oY 1,670 3,060 1,680 ' 2,570 8,980P
DAH 1,670 ! 3,060 1,680 2,570 8,980
TALFP ‘ ‘
+ RES. 0 0 0 0 0
1986 oY 2,850 6,150 2,550 3,450 15,0002
DAH 2,850 ‘ 6,150 2,550 3,450 15,000
TALFF : j
+ RES 0. 0 0 0 0

*The OY was 13,000 t in 1981--12,300 t in the U. S. fishery conservation zone and
700 t for waters under Al aska jurisdiction. The 12,300 OY was increased (on a
one-time basis) to 14,349 t to facilitate the transition of the foreign fishing
year from a November to October basis to a January-Decenber (cal endar year) basis.

®An additional 700 t was allocated to waters under Alaskan jurisdiction in 1981-
82 and 500 t in 1983-86.

°The OY in the area east of 140° W Long. is further broken down into the follow ng
ranges: 850-1,135 t for east Yakutat and 470-1,435 t for the outer coast of
sout heastern Al aska.
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Figure 1. --@ulf of Alaska: International North Pacific Fisheries
Conmi ssion (INPFC) statistical areas (Shumagin, Chirikof,
Kodi ak, Yakutat, and Southeastern) and North Pacific
Fi shery Managenent Council regulatory areas (Wstern,
Central, and Eastern). The INPFC Yakutat Area is divided
at 140° W 1 ong.
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Annual | andi ngs averaged 72% of the OY each year for 6 years immediately
fol lowing 1976. Domestic |andings during this sanme period averaged 54% of
the expected donmestic annual harvest (DAH). Foreign landings exceeded the
initial allocations of total allowable |evel of foreign fishing (TALFF) but,
of the final allocations, averaged 87% and, in 1983, equaled 91% The U S
harvest exceeded the DAH for the first time in 1983 and exceeded the DAH
which had been increased, in 1984. The U S. fishery received (and eventually
exceeded) the entire OY in 1985 and 1986

CONDI TI ON OF THE STOCKS

Stock Structure

Experinents to identify sablefish stocks in the Gulf of A aska continue.
Scientists fromthe National Marine Fisheries Service (NVFS), the Al aska
Department of Fish and Ganme (ADF&G, Japan, and Canada have rel eased tagged
sabl efish over the past several years. There is disagreenment on the degree
of interchange of fish between regions. Wespestad et al. (1983) reported
that interregional mgration is small in conparison to stock size within each
region, and agreed with previous reports (Low et al. 1976; Wespestad et al
1978) that managenent of the resource is best conducted by geographic
region. Bracken (1982), however, described an analysis of gulf-w de sablefish
taggi ng data and suggested that sabl efish nmove extensively throughout the
Qulf of Alaska. H's analysis showed that fish <60 cmfork |ength (FL) tended
to nove westward, whereas those 260 cm FL tended to mgrate eastward.

Fuji oka and Shaw (1985) also studied the nmoverment of sablefish in the
Qulf of Alaska. In a prelinmnary sunmary, the nunbers of tagged fish rel eased
in each INPFC area in 1978-82 and recovered in the I NPFC Southeastern Area in
1979-83 were adjusted by dividing the nunber recovered by the nunmber (in
1,000s) released per area and year. These "rel ease-adjusted” recoveries
yielded an estimate of the composition of recoveries in the I NPFC Sout heastern
Area that woul d have resulted if 1,000 tagged fish had been rel eased annual ly
in each INPFC area. On this basis, 54 to 69% of the recoveries in the I NPFC
Sout heastern Area were from other |NPFC areas.

Bracken (1982) also presented a conceptual nodel that identified south-
eastern Al aska and British Colunbia as a pooling area for large fish and
showed that nuch of the spawning is in that region. Small fish inhabit the
shal | ow nearshore areas and then enter deep water in their third or fourth
year. Fromthere, a significant portion of the fish mgrate to the open
ocean and nove westward until reaching maturity. A large portion of the
mature fish then migrate back into the eastern gulf to spawn. Bracken (1982)
concl uded by reconmmendi ng managenent of sablefish as a single gul f-wde
stock with OY prorated over all regulatory areas, and suggested that | ower
harvest |evels throughout the gulf would speed rebuilding of the depleted
spawni ng population in the INPFC Southeastern Area

Beami sh and McFarlane (1983) concluded fromtheir tagging studies that a
| arge portion of juvenile sablefish reared in Queen Charlotte Sound and
Hecate Strait, British Colunbia, nove north to GQulf of Al aska waters.
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Conversely, nost tagged adult sablefish were recovered close to the release
area, indicating that the adult population is conposed of subpopul ations or
groups. Based on these results, Beami sh and MFarl ane (1983) contended that
adult sablefish in the Canadi an zone should be managed separately and shoul d
not be nmanaged as a part of one large stock off the west coast of North
Anerica. In areviewof U S tagging studies, Dark (1983) found apparently
simlar northward novenment of small (40-65 cm FL) sabl efish rel eased of f

Al aska and Washington but |ess movement of fish >65 cm FL.

Gharrett et al. (1983) reexam ned el ectrophoretic data on sabl efish.
Their new interpretation suggested that some geographi ¢ separation of geneti-
cally distinct stocks exists. They separated eight Gulf of Al aska collections
(excl udi ng seanobunt sanples) into groups with major divisions at Kodi ak
Island, about 140° W long. in the INPFC Yakutat Area, and in the vicinity of
Cape Addington in the INPFC Southeastern Area.

Tagged fish released by NVFS from sout heastern Al aska inside waters in
Chatham Strait and recovered in outside waters generally are not caught north
of the entrance to Chatham Strait, but are caught south as far as the |INPFC
Charlotte Statistical Area off British Colunbia.?¥

Currently, management of sablefish in the GQulf of Alaska is by five
management regions: the NPFMC Western and Central Regul atory Areas, the
western and eastern portions of the Eastern Regulatory Area, and the portion
of INPFC Southeastern Area not under Alaskan jurisdiction. Cearly, the
questions of mgration and stock structure, basic to rational managenent of
sabl efish, are yet unresolved.

Year-C ass Strength

Year-class strength is an inportant consideration in studying the dynam cs
of fish populations. The examination of fish length data (mean fork |engths
and length frequency distributions) is, in turn, one way of nonitoring the
strength of year classes. Several sources provided | ength data on the sablefish
popul ation in the Qulf of Al aska--the Japanese longline fishery, 1969-83; the
NMES trap indexing surveys in southeastern Al aska, 1978-86; the Japan-U. S.
cooperative longline surveys, 1979-85; and the 1984 triennial survey (the
U. S.-Japan cooperative bottomtrawl survey in the central and western gulf
and conpl enentary surveys in the eastern gulf).

Several authors (Balsiger and Alton 1981; Sasaki 1982; MFarlane and.
Beam sh 1983; Funk and Bracken 1984) have reported strong recruitment from
the 1977 year class. The 1979 NVFS trap indexing survey (Fig. 2) provided
one of the first opportunities to observe the energence of the 1977 year
class--as a node in the length frequency distribution at 45-50 c¢cm FL. The
node noves to the right (increases) with time and, by 1983, either dom nates

3/ . . . .

- Personal communi cation with Mchael Sigler, Auke Bay Laboratory, Northwest
and Al aska Fisheries Center, National Mirine Fisheries Service, NOAA P.O
Box 210155, Auke Bay, AK 99821.
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or helps donminate the length frequency distribution at about 55-60 cm FL.
The presence of a strong 1977 year class was first reflected in the Japanese
longline data in 1980 by a decrease in nean length of fish at depths >500 m
a decrease that remained as long as the fishery existed

Stauffer (1985) noted a higher percentage of fish t55 cmFL in the Japanese
longline fishery in 1982-83 than in years prior to the appearance of the 1977
year class and surnised that post-1977 year class recruitnent has been success-
ful as well. Data fromthe NMFS trap indexing surveys indicate a sinlar
di fference between the Iength frequency distributions in 1983, 1984, and
before the 1977 year class appeared in 1979. Further, the percentage of fish
<55 cm FL in the 1983 and 1984 distributions was simlar for the NWS trap
i ndexi ng surveys, the Japan-U.S. cooperative |ongline surveys, and the
Japanese longline fishery.

Length frequency distributions, weighted by estimated bi onass (Brown
1986), indicate that the abundance of fish 50-56 cm FL was high in the | NPFC
Kodiak Area in 1984. Fish of this size are presunably in their fourth or
fifth sumrer, making them cohorts of the 1980 or 1981 year cl ass.

A prelininary estimte of age conposition in the 1984 popul ati on, based
on otolith sanples from the 1984 longline survey, indicates the presence of'
strong year classes beginning in 1977 and continuing until 1981 (Fig. 3).
Ageing sablefish is difficult, and the indication of five adjacent strong
year classes may actually result fromtw or three strong year classes.

Small (30-40 cm FL) sabl efish, presumably of the 1984 year class, were
more abundant than usual in inside waters of southeastern Alaska in 1985

U S. Foreign Fisheries (hserver Data

From data collected by US. foreign fisheries observers on the depth of
the fishing gear, Japanese longline effort in the gulf was categorized as being'
directed at either Pacific cod, Gadus nmacrocephal us, (<300 m deep) or sablefish
(>500 m deep) (Balsiger and Alton 1981). These data cover 1977-83 and denon-
strate trends simlar to those of the longline survey. The catch per unit
effort (CPUE) increased fromthe late 1970s, wth a sharp increase from 1981
to 1982. Simlar to the longline survey, the 1983 CPUE did not increase from
1982.

More detailed discussion of the foreign observer data and the foreign
fishery is in Balsiger (1983) and Stauffer (1983 and 1985). Wth the renova
of foreign directed effort on sablefish in the gulf in 1984, this time series
of observations no |onger provides up-to-date information on status of stocks.

Japan-U. S. Cooperative Longline Survey

Since 1978 Japan and the United States have cooperated to survey the
@l f of Alaska with longlines--an activity which has expanded in recent years
to include the Bering Sea-Aleutian Islands region. The survey objective is
to study the condition of the stocks of sabl efish and other species caught by
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longline. The relative abundance and size structure of sablefish in the

nort heastern Pacific Ocean and Bering Sea based on the results of these
surveys have been updated by Sasaki (1983a, 1983b, 1984a, 1984b, 1985, and
1986) for 1979-85, including a conparison with a 1969 Japanese survey in the
Qul f of Alaska. Sasaki presents two indices of population abundance: relative
popul ation nunber (RPN) and relative population weight (RPW. The RPW an

i ndex of biomass, is a sumation of the CPUE in units of catch weight for

the longline gear for each of several depth categories, nultiplied by the

area of the fishing grounds that lie in those depth categories. Index values
have been summarized by Sasaki (1986) by |INPFC area and bottom depth strata
101-200 m and 201-1,000 m for 1979-85 (Table 5). The 1978 survey results were
excl uded because the fishing techniques were not standardized until 1979.

The 1985 RPWfor the Gulf of Alaska (depths 10l-1,000 m pool ed) reported
by Sasaki (1986) was 2.8 tinmes the 1979 RPWand 1.5 tinmes the 1984 RPW  The
1985 RPW exceeded the 1984 RPWin each INPFC area and was the hi ghest ever
surveyed in each area except the Southeastern Area. Similarly, the 1985 RPN
was 2.3 times the 1979 RPN and 1.4 times the 1984 RPN. Sigler and Fujioka
(1987) extended the analysis by conputing confidence intervals for the RPNs.
They reported that the increase in RPN between 1979 and 1984 was significant
gul f-wide and in the INPFC Shumagi n and Kodi ak Areas, but not in the INPFC
Chirikof, Yakutat, and Southeastern Areas (Figs. 4 and 5). Further, the
i ncrease in RPN between 1984 and 1985 was significant gulf-w de, but not so
in any of the individual areas.

Two-thirds of the increase in RPWreported by Sasaki (1986) was in the
101-200 m stratum-a stratumwhere indexing is highly variable (Sigler and
Fujioka 1987). Also, the potential for a significant overestinate seens
l[ikely in the 101-200 m stratum because 1) this stratumis sanpled only
along its deeper perinmeter and 2) sampling often covers |less than half of
the depth range. The area within the 101-200 mstratum (which is quite
large) is therefore represented by catch rates obtained solely along the
perineter adjacent to the continental slope (customarily considered to be
sabl efish habitat). This concern about using catch rates obtained along the
outer edge of the stratumto represent the entire stratum was borne out by
t he observation that catch rates obtained during the 1984 U. S.-Japan coopera-
tive bottom traw survey adjacent to the slope in the Shumagin, Chirikof,

Kodi ak, and Western Yakutat Areas at depths 101-200 m exceeded the catch

rates in the corresponding flat and gulley areas’/. In the 1985 |ongline
survey, the average beginning depth sanpled in the 101-200 m depth stratum

was 127 min the Shumagin Area, 148 min the Chirikof Area, 165 min the Kodiak
Area, 182 min the Yakutat Area, and 155 min the Southeastern Areas” .

%%rsonal communi cation with Eric Brown, Resource Assessnent and conservation
Engi neering Division, Northwest and Al aska Fisheries Center, Nationa
Marine Fisheries Service, NOAA 7600 Sand Point Way NE, Bin C15700, Building
4, Seattle, WA 98115.

ESF”ersonaI conmuni cation with David O ausen, Auke Bay Laboratory, Northwest
and Al aska Fisheries Center, National Marine Fisheries Service, NOAA, P.O
Box 210155, Auke Bay, AK 99281.
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Table 5.--Relative popul ati on nunber (RPN) and relative popul ati on wei ght
(RPW of sablefish (Anopl opoma finbria) on the Continental Shelf
and continental slope of the eastern Bering Sea, Al eutian region
and @l f of Alaska in summer, 1979-85. The val ues are shown as
percentage of 1979 value in the Gulf of Alaska (from Sasaki 1986).

Shelf (101=-200 m) Slope (201-1,000 m) Total?

Region and area Year .~ RPN RPW RPN RPW RPN RPW
Eastern Bering Sea  1982P 3 3 14 15 17 18
1983¢ 5 5 8 ' 9 13 14
1984P 2 1 18 19 20 20
1985P 1 1 28 .29 28 30
Aleutian region = 1980 2 1 13 14 15 15
1981 <1 <1 13 14 13 15
1982 <1 <1 15 16 15 16
1983 0 0 16 19 16 19
1984 <1 <1 19 : 23 19 23
1985 <1 <1 23 30 23 30
Gulf of Alaska
. Shumagin 1979 3 - 4 - 6 6
1980 6 4 4 5 10 9
1981 9 8 6 . 7 15 15
1982 9 - 10 10 12 19 22
1983 14 13 11 14 25 28
1984 . .8 8 11 .15 19 23
1985 10 10 14 21 24 30
Chirikof 1979 16 - 20 - 36 32
, 1980 12 9 18 22 30 A
1981 . '8 7 19 Co21 27 26
1982 11 10 32 37 43 46
1983 11 - 8 27 31 38 39
1984 7 © 14 32 40 48 54
1985 25 22 36 50 61 72
Kodiak 1979 LR - 18 : - 28 29
1980 18 13 16 18 34 31
1981 1 9 16 18 27 27
1982 20 18 21 25 40 42
1983 21 : 16 ' 25 28 46 44
1984 35 3 25 30 60 61
1985 69 74 28 42 97 116
Yakutat 1979 . 8 - 9 - 17 19
1980 22 17 10 11 32 28
1981 20 20 13 16 33 35
1982 21 : 17 16 18 37 36
1983 16 12 12 15 28 27
1984 8 7 12 17 20 23

1985 8 17 14 20 32 37
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Shelf (101-200 m) Slope (201-1,000 m) Total?d

Region and area Year RPN RPW RPN RPW RPN RPW
Southeastern 1979 3 - 10 - 12 13
1980 6 4 11 11 17 15

1981 8 8 14 19 22 27

1982 9 8 12 16 21 24

1983 6 4 11 15 17 19

1984 4 4 11 16 16 20

1985 7 7 13 19 20 25

Gulf of aAlaska 1979 40 - 60 - 100 100
total 1980 63 47 59 66 122 113
1981 57 52 68 80 125 132

1982 70 63 91 107 161 170

1983 68 55 86 103 154 158

1984 72 65 91 118 163 183

1985 128 129 106 151 234 280

®Di screpanci es between actual suns of component figures and totals given are

due to rounding

"Because killer whales (Orcinus spp.) were seen eating some hooked sabl efish

during sanpling,

“Because killer whales (Orcinus spp.) were seen eating a great many hooked
sabl efish during sanpling,

under est i nat ed

RPN and RPW are believed to be noderately underestinated

RPN and RPWare believed to be considerably
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Figure 4. --Rel ative popul ati on nunber (RPN) of sabl efish (Anopl opona finbria)
caught at 10l-1,000 mdepths in the Gulf of Al aska in the Japan-U. S.
cooperative longline survey, 1979-85, and catch per unit effort

(CPUE) in the Japanese longline fishery as estimated by US.
foreign fisheries observers, 1978-83. The RPN (with the estinmated

95% confidence interval) is depicted by a solid line (-) the
CPUE by a broken line (---).
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In Table 6 the RPNs and RPW are grouped into three strata--the 101-200 m
stratum used by Sasaki (1986) is nmintained, but Sasaki's 201-1,000 m stratum
is divided into two strata: 201-400 and 401-1,000 m In addition to the
increase in the 101-200 m stratum (al ready discussed), Table 6 reveals that
the 401-1,000 mstratumal so contributed greatly to the overall increase
in RPN and RPW between 1984 and 1985 (up 45 and 55% respectively). The
i ndi ces of popul ation abundance did not increase as much in the 201-400 m
stratumas in the 101-200 and 401-1 ,000 m depth strata. The estimates in
the 201-400 m stratum are tenuous however because nuch of the stratumis in
Sheli kof Strait, Amatuli Trough, and Marnmot Qulley--areas where there was no
sanpling. Wen calculating the index, these areas were assuned to have the
same density as the adjacent slope area within the stratum  Concern about
the validity of the assunption 'has not been conpletely allayed by the obser-
vation that (in the 1984 U S.-Japan bottomtrawl survey) catch rates in these
areas were simlar to those on the adjacent slope (Brown 1986).

It may al so be appropriate to exam ne the popul ation increase in 1985 in
terms of fish length. To achieve this the RPNs, pooled into two depth strata
(101-400 and 401-1,000 m) were plotted by length in two ways: 1) using data
collected in 1985 per se and 2) using data collected in 1984 and then projected
to 1985 on the basis of expected growth. Note that in the 101-400 m stratum
t he observed RPN exceeded the projected RPN nostly in the smaller length
categories (Fig. 61, while in the 401-1,000 m stratum the observed RPN
exceeded the projected RPN over the entire range of lengths (Fig. 7).

1984 Triennial Traw Survey

Sasaki (1984b) revised sabl efish biomass estinmates based on additional
conparisons of area-swept biomass estimates fromtraw surveys and 1983 RPW
values, for the gulf. By various nethods, three estimtes (213,800, 509, 700,
and 643,200 t) were obtained. Because of the wide discrepancy in these
estimates, yield estinmates based on these biomass figures were considered to
be tentative at best.

The 1984 triennial groundfish survey provided a basis for deriving new
bi onass estimates of sablefish in the gulf. First, Wkabayashi and Teshim
(1985) used the results of part of the U S.-Japan survey to estimate sablefish
biomass in the central and western regions. By, applying the area-swept
technique to the catches of the Japanese traw er, Japanese researchers cane
up with estimates of 79,900 t, 91,700 t, and 209,300 t for the | NPFC Shunagin,
Chirikof, and Kodiak Areas, respectively.

U S. scientists extended the analysis (Brown 1986). They noted, from a
study to measure the conparability of the two U.S. trawers and the single
Japanese trawl er, that the Japanese traw er was nore efficient at capturing
sablefish than were the US. trawers. Biomss estimtes, therefore, are
smal ler if the catches by the Japanese trawl er are converted to the efficiency
of the U S trawers. If, on the other hand, the efficiency of the Japanese
vessel is used as a standard, biomass estimates by U S. scientists are sinmilar
to those reported by Wakabayashi and Teshinma (1985).
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Table 6.--Indices (100s) of the abundance of sablefish (Anoplopona finbria)
in the U S -Japan cooperative longline survey, by depth, 1984 and
1985. (Nunmbers in parentheses are the percentage change from 1984

to 1985.)
Depth . RPN  RPW

(m) 1984 1985 1984 1985
101-200 6,236 11,012 (+77) ' 11,960 23,526  (+97)
201-400 5,138 5,608 ( +9) 14,050 16,695  (+19)
401-1,000 2,369 3,284 (+39) 6,663 10,263  (+54)
101=1,000 13,743 19,904 (+45) 32,673 50,484  (+55)

Source:  Personal communication with Mchael Sigler, Auke Bay Laboratory,
Northwest and Al aska Fisheries Center, National Mrine Fisheries Service,
Noaa, P. O Box 210155, Auke Bay, AK 99821
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An estinmate of biomass resulting fromprelimnary anal yses was reported
| ast year (Fujioka 1986). This estimate incorporated net efficiency correction
factors between nylon and polypropylene U S. nets and the net used by the
Japanese trawler. The bionass estimate assunmed the nost efficient net provides
the nost accurate result. The Japanese net was the nost efficient, and its
relative efficiency generally increased with depth (Brown 1986). Wien the
U S. catch rates were nodified by the appropriate ratios, the resulting point
estimate of the biomass of sablefish in the Gulf of Al aska was 536,416 t
(since nodified to 535,918 t)6/.

Much of the estinmated bionmass conmes fromthe 101-200 m depth stratum
especially in the I NPFC Kodi ak and Southeastern Areas (60 and 69%
respectively). The 101-200 m stratum provided 43% of the total biomass
estimate for the gulf. Because, the areas within the 101-200 m stratum are
large and the catch rates are highly variable, estimtes of biomass nust be
viewed with caution.

Fi sh size was another elenment of the 1984 U S.-Japan cooperative bottom
traw survey in the central and' western Gulf of Alaska. O particular interest
is the relation between depth and fish size. In the stratum <200 m between
66 and 100% of the sablefish were <57 cm FL, whereas in the deeper strata
only 15-58% were <57 cm FL (Brown 1986). The preval ence of snaller fish in
the stratum <200 m has al so been detected by |ongline surveys (Sasaki 1985).

Anot her objective of the 1984 surveys was to make prelimnary investiga-
tions into supplementing bionass estimates with [ongline observations. Rose
(1986) conpared traw catch rates with longline catch rates fromthe 1984
surveys and found that the relative catch rates varied with fish size. The
trawl -to-longline catch ratio decreased as size increased, up to the 85-94 cm
FL, but there were too few observations to estimate the ratio accurately.

The catch rate ratio al so appears to have vari ed between areas of the gulf,
being lowest in the southeastern area’/.

NMFS Trap | ndexi ng Survey

The NMFS trap indexing survey conducted annually since 1978 has provided
another alternative to foreign longline statistics as a neans of assessing
sabl efish stocks in the INPFC Southeastern Area. Causen (1987) has summarized
results from 1978 to 1986 for small (<57 c¢cm FL), medium (57-66 cm FL), and
large (>67 cm FL) sablefish at each of four indexing sites: Capes Cross,
Omaney, Addington, and Mizon (Fig. 8).

Q%e estimate was adjusted on the basis of new information provided by Eric
Brown, January 12, 1987 (see footnote 4).

7 .

ﬁersonal conmuni cation wi th Thomas Rutecki, Auke Bay Laboratory, Northwest
and Al aska Fisheries Center, National MNarine Fisheries Service, NOAA, P.O
Box 210155, Auke Bay, AK 99281
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Little or no net change occurred in the index of large sablefish in
1978-85, although in 1979 and 1980 the index was markedly above average at
three of the four stations. The 1981 index decreased, however, to earlier
levels. The index renained relatively stable at |ow |evels in 1981-84 and
slowmy increased froma low index in 1982. The indices increased nmarkedly at
the Cape Cross and Cape Ommaney sites in 1985 and again in 1986 and reached
the highest levels ever observed at these two stations. Meanwhile, the
i ndices for the Cape Muzon and Cape Addi ngton sites continue to increase
slowy. As nentioned earlier, the RPWfor the 401-1 ,000 m depth stratumin the
| NPFC Sout heastern Area remai ned stable in 1981-84, and the RPN val ues
decreased slightly. The RPWfor fish >58.1 cm FL, however, decreased sharply
in 1981-83.

The index for small sablefish peaked noderately for 1 or 2 years at
different times and in different areas. The Cape Addi ngton and Cape Mizon
sites peaked npbst noticeably in 1983, whereas the highest levels for the Cape
Cross and Cape Omaney sites were in 1980 and 1981, respectively. Interpreta-
tion of the time series of snmall fish is aided somewhat by reference to the
l ength frequency distributions for each site. The distributions show that
the 1977 year class appears at various levels and tinmes at the different
sites (Fig. 2). The index for small fish has remained fairly stable for the
past 3 years (1984-86), at a level slightly above the 1978 |evel, indicating
that no unusually large recruitnent was occurring in southeastern Al aska.

The 1978-82 time series for nediumsized sabl efish indices generally
shows a pattern sinmlar to that for large sablefish. In 1983, however, the
i ndi ces peaked for nedium and small-sized fish, but not for |arge-sized
fish, at the Cape Mizon site. The increases comon to nedium and | arge-
sized sablefish at several sites in 1985-86 were absent for small sablefish.

Al though the 1977 year class apparently was abundant at the Cape Mizon
and Cape Addington sites as small fish in 1982 and as small or mediumfish in
1983, it was not abundant at those sites in 1984. Conversely, at the Cape
Cross and Cape Omaney sites the 1977 year class did not seemto be parti-
cularly abundant in 1982 or 1983, although it had been detectable in length
frequency distributions conpiled in earlier years. However, abundance of
medi um and large fish increased in 1985 at the Cape Cross and Cape QOmmaney
sites, apparently reflecting a resurgence of the 1977 year class at the two
sites.

Size Composition and Catch Rates in. the Domestic Fishery

The ADF&G has summarized the market size conposition of sablefish |andings
in the shore-based longline fishery for 1985 and 1986 (Fig. 9)-¥. In 1985, the
proportion of 273 Ib sablefish landed in the Central Regul atory Area was
above average. In 1986, the proportion of 3-4 |b fish landed in the Centra
Regul atory Area was above average, as were 5-7 |b and >7 |b fish landed in
the Western Regulatory Area.

8/ .
Personal conmmunication with Fritz Funk, Al aska Departnent of Fish and Gane,
P. 0. Box 3-2000, Juneau, AK 99802
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Bracken and O Connell (1986) reported on longline fisheries nonitoring
in 1980-85 and recomended caution when using the fishery catch rates to
i ndi cate abundance. They noted that changes in any of several factors can
confound the interpretation of this information: hook type, nmarket demand for
small fish, and preferred nethod of dressing fish

POTENTI AL Yl ELD
Esti mat es of Maxi mum Sust ai nable Yield

Al t hough the sabl efish resource is managed by broad geographic region
the long-termproductivity in each region is assumed to be related to the
overall condition of the resource. Japanese and U S. scientists have estinated
mexi num sust ai nabl e yield (MSY) of the resource as a whole, and apportioned
MSY to each region based on historic production trends. The Japanese estimate
of MY for the entire resource! from California to the Bering Sea is 69,000 t.
Usi ng essentially the same general production nodel as the Japanese, but wth
a different weighting of data between regions, Low and Wespestad (1979)
estimated MSY for the California to Bering Sea resource at 50,300 t.

By broad region, historical catches were categorized as being fromthe
Bering Sea (25%, the Aleutian Islands (4%, the @ulf of Al aska (47%, and
the British Col unbia-Wshington region (25%. (These percentages, which add
up to 101, probably reflect a rounding error.) The apportioned MSY estinates
were then conpared to those de-rived from general production nodels applied
region by region. The resulting nean and overall estimte of MSY was 25,100 t
for the Gulf of Al aska (Low and Wespestad 1979). This estimate updated the
MSY range of 22,000 to 25,000 t used in the FM. Production nodels, however,
are nost appropriate for relatively short-1ived species in which annua
recruitnment is relatively stable. It is questionable whether a tinme series of
catch and effort data is appropriate for general production nodeling of
sabl efi sh stocks, given that the |ife span of sablefish nay be much | onger
than previously thought and the fishery apparently is supported by infrequent
strong year classes (MFarlane and Beami sh 1983).

Equi librium Yield

The determ nation of EY values for past years is documented by Bal siger
(1983) and Stauffer (1983). Annual adjustnents in EY for the areas west of
140° W long. have been based on changes in annual CPUE of the Japanese
longline fishery and MSY estinmates derived from surplus production nodels of
the foreign longline fishery. For the areas east of 140° W long., the EY
was based on annual landings prior to 1980. In 1982, EY in the NPFMC Eastern
Area was reduced by 50% because of the decline observed in the NVFS trap
i ndexing surveys from 1980 to 1981. The EY established in 1982 was not nodified
for 1983 even though the condition of the resource appeared to be inproving.

Funk and Bracken (1984) used an age-structured nodel to project future
bi omass |evels and annual surplus production. Their nodel analysis is sensitive
to initial age conposition, biomass values, and projected average |evel of
recruitnent. They initiated the nmodel with age conposition deternmined by a
length frequency analysis of the 1982 Japanese longline survey. Their assuned
constant recruitnment for age-3 fish was set at the average abundance of the
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1976, 1978, and 1979 year classes that they estimated fromthe |ongline
survey data. The nodel was run using bionass estinmates of 171,240 t (derived
from surplus production nodeling of historic CPUE data) and 256, 481 t
(derived froma conparison of the 1982 RPWval ues to biomass estimates from
trawm surveys in the Aleutian Islands reported by Sasaki (1983b)). Using the
bi onass estimates (171,240 and 256,481 t), they forecasted annual surplus
production values for 1984 at 19,200 t and 26,100 t, respectively. These

val ues are approximately double the EY range of 10,965 to 12,630 t for 1982
and 1983.

A prelimnary estimate of biomass projections is shown in Figure 10.
These projections are based on the estimated 1984 size conposition of the
gul f popul ation obtained fromthe cooperative |ongline survey, the von
Bertalanffy growth paraneters K = 0.249 and Linf = 73.62 obtained fromotolith
samples from the 1984 longline survey, the observed catches in 1985 and 1986
the prelimnary biomass estimate fromthe 1984 trawl survey, and nortality
rates applied equally to all sizes. The results show that the instantaneous
growth rate of the fish recruited to the surveyed popul ati on by 1984 woul d
have gone fromg = 0.130 for 1984 to 1985 g = 0.103 for 1985 to 1986, and
g = 0.081 for 1986 to 1987. Then, the EY for 1987 would be approxi nately
equal to (0.081 - M tines B(86) (the bionmass at the end of the 1986 fishing
season). For trial values of M= 0.00, 0.05, and 0.10, population biomass
was projected froma 1984 value of 535,000 t to B(86) = 642,000, 580,000, and
524,000 t, respectively, with corresponding EY estimtes of 52,6000, 18,000
and (0 t, respectively.

These estimates apply only to fish recruited to the survey gear by 1984;
any recruitment or increase in availability since then is not included. In
1985, however, significant recruitment as well as an increase in availability
or catchability or both to the longline survey gear apparently occurred as
suggested by the increase in RPN at all sizes and depths. To partially
account for the increased recruitment, the 1985 size conposition is projected
back to an estinmated 1984 size conposition which is then equated to the 1984
trawl survey biomass estimate. The reasoning for this is based on an assunp-
tion that the 1980 or 1981 year class had fully recruited to the trawl survey
by 1984 but not to the longline survey until 1985. Projecting this estimated
popul ation forward results in only slightly higher growth rates and EY esti -
mat es

Ignoring recruitment in these projections seems reasonable for these
years because there has been little indication that strong year classes wl|
recruit to the longline gear by 1987. If a strong 1984 year class should
result, it is likely that the year class would be evident in any 1987 surveys
conducted on the shelf but would not recruit strongly to the longline fishery
until 1988. This delay in recruitment would allow projections to be nade for
a 1988 fishery. If significant unexpected changes should occur in the 1986
longline survey, analysis will be completed in tine for revised recommendations
if necessary, for the 1987 fishery.

Al'though an estimate of EY cannot be determined with useful accuracy,
the sabl efish population in the gulf is apparently well above any threshold
level that may exist and is large relative to catch levels. Thus, the short-
term biologically acceptable catch would apparently allow a nuch |arger
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GULF OF ALASKA SABLEFISH
Biomass projection
900
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Figure 10.--Projected biomass of sablefish (Anoplopona finbria) in the Gulf
of Al aska for 1984-87 based on the actual comrercial catches of

1984 and 1985 and the projected commercial catches for 1986 and
1987.
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i ncrease than prudent managenment should allow to occur in 1 year. It is
recommended that OY levels be allowed to rise slowy above current catch
level s and the status of stocks be monitored carefully.

In past years, the apportionment of EY anong | NPFC areas was based on
historical catch patterns. A nore appropriate criterion for apportioning EY
woul d consi der the avail able bionass in each area, the size conposition of
the harvest in each area, and size-related growth and nortality rates. The
OY in 1986 was apportioned approximately to the distribution of biomass in
the 401-1,000 mdepth stratumas estimated hastily fromresults of the 1984
longline survey and prelininary results of the 1985 longline survey. The
bi onass in the shall ower depth was not considered as a criterion for appor-
tionment because 1) the biomass in the shall ower depth was conposed of snaller
fish, 2) the bionmss estimates there were highly susceptible to error, and 3)
the major target fishery operates at greater depths. Subsequent analysis of
the 1985 survey reestimated the 1985 RPWdistribution (Table 7) and showed
that fish in the 101-200 mdepth stratumwere smal |l er than average, whereas
fish in the 201-400 mdepth stratumwere similar in size to those in the
401-1,000 m stratum their potential growth rates were 16, 9, and 8% respec-
tively (Sigler 1986). As pointed out earlier, within the 101-200 m and t he
201-400 m depth strata, much of the bottomlies away fromthe slope, where
the longline survey does not sanple and where potentially large errors could
go undet ect ed.
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Table 7 .--The relative popul ation weight (RPW of sablefish (Anopl opoma
finmbria) in the Qulf of Alaska, by NPFMC regulatory area and depth,
1985 (expressed as a percentage ofthe gulf-wide RPWfor the sane

depth).
Area
- Eastern
Depth (m) Western Central (Westd) (EastD]
101-1,000 1 67 8 14
201-1,000 14 61 10 15
401-1,000 17 48 16 19

@west of 140° W. long.
bPpast of 140° w. long.,

Source: Sigler (1986).
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PACI FI C COD-
by

2/
Harold H Zenger, Jr. and James E. Bl ackburn
| NTRODUCTI ON

In North Anerican waters, Pacific cod (Gadus macrocephal us) occur on the
Continental Shelf and upper slope from Santa Mnica Bay, California (34° N
lat.) through the GQulf of Al aska, Aeutian Islands, and eastern Bering Sea to
Norton Sound (Bakkala et al. 1981).

Since the Magnuson Fishery Conservation and Managenment Act ( MFCMA) of
1977 went into effect, various regulations have been inplenented by the North
Paci fic Fishery Managenent Council (NPFMC) that affected cod fisheries in the
Gul f of Alaska and allowed catches to reach their historic highs in 1980-83.
Amrendrment 2 to the Fishery Managenent Plan (FMP) for groundfish in the Gulf
of Al aska allowed a year-round directed foreign longline fishery for Pacific
cod west of 1570 W long. beyond 12 niles, beginning in 1979. Amendnent 4
permitted foreign longlining for Pacific cod from 140 to 157° W |ong. beyond
12 miles except that fishing would be closed within the 400 misobath during
the U S. Pacific halibut, (H ppoglossus stenol epis), season. Those regul ations
al l owed nore intensive foreign exploitation of one or two unusually |arge
year classes of Pacific cod which have now passed peak production.

Since 1977, the inportance of Pacific cod in Qulf of Al aska groundfish
catches has grown and receded. After increasing from 2,256 netric tons (t)
in 1977 to 36,401 t in 1983, the annual total catch dropped to 14,307 t in
1985 (Table 1). The decreases in 1984 and 1985 were nostly due to reductions
in catches by the Japanese, who limted their |ongline operations for Pacific
cod to the International North Pacific Fisheries Comm ssion (INPFC) Shunagin
and Chirikof Statistical Areas to reduce the incidental catch of sablefish
(Anopl oporma finbria).

At this time, managenment of Pacific cod in the GQulf of Al aska has not
reached a critical point because the stocks are relatively large in relation-
ship to the optimunyield (OY). Recent harvest |evels have been well bel ow
OY, and it is likely that they will remain so in all but the NPFMC Western
Regul atory Area because of regulations inposed to protect sablefish stocks.
(The Western Regulatory Area is the INPFC Shumagin Area, the Central
Regul atory Area is conposed of the INPFC Chirikof and Kodi ak Areas, and the
Eastern Regulatory Area refers to the conbined | NPFC Yakutat and Sout heastern
Areas.)

Y This report is an update of Zenger and Blackburn (1986).

ZAI aska Departnent of Fish and Game, 211 Mssion Road, Kodiak, AK 99615.
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Table 1 .--Catch (t) of Pacificcod in the Gulf of Al aska, by fishery
category, 1971-85°%

Joint

Year Japan U.S.S5.R. ROK Poland Mexico venture U.S. Total

1971 176 - - -- -- 44 681
1972 830 2,696 --j S — -- 66 3,592
1973 2,590 3,395 o= - S B 59 6,044
1974 2,951 2,136 = --. -- -- -- 145 5,232
1975 3,252 2,551 - - -~ . -—- 130 5,933
1976 3,291 2,995 - -- -—- 222 6,508
1977 1,243 744 - -- -- -~ 270 2,257
1978 8,846 1,141 1,369 14 7 785 12,162
1979 10,429 835 e44i 127 939 711 985 14,870
1980 30,582 1,942 1,666‘ 55 - 466 612 35,323
1981 27,768 -~ 7,066 135 -- 58 1,061 36,088
1982 24,451 -— 2,486 -- -- 193 2,250 29,380
1983 28,531 - 1,245  - -- 2,426 4,198 36,401
1984 15,250 -- . 636 | 10 -- 4,649 2,672 23,217
1985 9,061 - 25 - -- 2,266 2,954 14,307

®Forei gn catches 1971-76 are foreign-reported catches; foreign
catches 1977-85 are best-blend estinates.

"Republic of Korea.

Sour ces: Foreign catches 1971-76: Forrester et al. (1983). Foreign
catches 1977-84 and joint venture catches 1978-84. Berger et al. (1986).
Foreign and joint venture catches ,1985: personal communication with
Jerald Berger, U S. Foreign Fisheries Cohserver Program Northwest and

Al aska Fisheries Center, National Marine Fisheries Service, NOAA 7600
Sand Point Way NE., BIN C15700, Building 4, Seattle, WA 98115. U. S
catches 1971-80: Rigby (1984). U S. catches 1981-85: Pacific Fishery
I nformati on Network (PacFIN), Pacific Marine Fisheries Conm ssion,

305 State Ofice Building, 1400 SW Fifth Avenue, Portland, OR 97201.
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Pacific cod are primarily taken with longlines and traws. Foreign traw
catches of cod are usually incidental to directed fisheries for other species,
and | onglines catch nost of the total allowable [evel of foreign fishing
(TALFF) allocation. In direct contrast, the vast majority of donestic and
joint venture catches are by traws. Directed trawm and longline fisheries
for cod are expected to capture other species such as sablefish, walleye
pol  ock (Theragra chal cogranma), rockfish (Sebastes spp.), Pacific halibut,
and other flatfishes.

FI SHERY STATI STI CS

The catch of Pacific cod increased sharply in 1980 (from 14,870 to
35,323 t) and remained roughly at that level until 1984 when it fell to
23,217 t, and further to 14,307 t in 1985 (Table 1). Three nations--the
United States, Japan, and the Republic of Korea--and a nunber of joint ventures
harvested Pacific cod in the Gulf of Alaska in 1985. Landings by U S. fishernen
peaked at 4,198 t in 1983, the highest since the salt cod fishery closed over
30 years ago. The 1984 U.S. harvest was down to 2,672 t, possibly because
sone domestic effort may have been redirected to joint ventures. The 1984
joint venture catch was approximately twice that of 1983. In 1985 joint
ventures took 2,266 t and the U S. catch increased to 2,954 t. Japan harvested
63% of the all-nation catch in 1985 and 66%in 1984, down from 78%in 1983.
The domestic annual harvest (DAH), which conmbines joint venture and U S
donestic catches, was 5,220 t, down 2,101 t from 1984. Pacific cod nmade up
5.6% of the total 1984 @ulf of Al aska groundfish catch, half of the 1983
level and a third of the 16.5% portion in 1980 (Table 2). In 1985 the catch
of Pacific cod was only 4.4% of the total groundfish catch in the gulf.

As in recent years, the bulk of the foreign catches came from the
Shumagin and Chirikof Areas. Donestic and joint venture catches were
concentrated in the Chirikof Area (Table 21, reflecting a westward novenent
of the DAH fisheries.

Mst U.S. landings were traw -caught, although |onglines, hook and Iine,
pots, and seines were used to harvest Pacific cod (Table 3). The Japanese
continue to take the majority of their cod catch in the Gulf of Al aska with
longlines, whereas the joint ventures and the Republic of Korea enpl oy
tramers (Table 4). From 1979 to 1984 Japanese longliners took 91-93% of that
nation's annual gulf-wide cod catch (Table 5). In 1985 longliners harvested
nearly 100% of the Japanese cod catch.

The combi ned Shumagin and Chiri kof Areas have produced from 68 to 85% of
the total catch of Pacific cod in the Gulf of Al aska since 1978 (Table 6).
The variation among years may be influenced nore by fishing patterns and
regul ations than the actual species abundance distribution.

The optimumyield for Pacific cod in the Gulf of Al aska has varied
somewhat since the concept was adopted by the NPFMC, particularly in the early
years. In 1977 OY was established at slightly less than the previous year's
total catch. From 1978 to 1981, OY varied between 34,800 and 70,000 t, settling
at 60,000 t in 1982 (Table 7). Prior to 1981, OY was assigned for "fishing
years" rather than calendar years. In 1981 OY was raised temporarily to
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Table 2.-Catch (t) of Pacific cod in the Qulf of Al aska, by fishery category and
International North Pacific Fisheries Conmssion (I NPPCC) statistical
area, 1977-85.

Fishery Year
category and )
INPFC area 1977 1978 1979 1980 1981 1982 1983 1984 1985
Japan
Shumagin 58 4,073 3,068 6,624 9,032 6,497 8,102 10,564 7,320
Chirikof 286 3,537 5,598 17,403 14,807 12,318 14,600 4,544 1,741
Kodiak 353 971 1,414 4,551 2,334 3,572 3,870 142 <1
Yakutat 20 199 294 1,961 1,517 2,070 1,959 - -
Southeastern 15 66 55 43 78 - - - -
Total 1,243 8,846 10,429 30,582 27,768 24,451 28,531 15,250 9,061
U.S.5:«Re
Shumagin 315 86 6 361 - - - - -
Chirikof 56 995 165 906 - - - -- -
Kodiak 373 60 663 675 - - - -~ -
Yakutat - - 1 - - - - - -
Total 744 7,141 935 7,942 - -- - - --

Republic of Korea

Shumagin -= 1,361 788 1,627 2,241 539 533 279 t9
Chirikof - 8 - -- 4,069 1,850 706 357 6
Kodiak - - - - 25 97 4 - -
Yakutat - - 49 39 ™ - 3 - -
Southeastern - - 7 - - - - - -
Total -- 7,369 B34 1,666 7,066 2,486 1,246 636 25
Poland
Shumagin - - 9 9 4 - -— - -
Chirikof - - 118 46 94 -— - 5 -
Kodiak -- 14 -- — -- - -- 5 --
Total - 1 727 55 7135 - - 70 -
Mexico
Shumagin -- - 100 - - - - - --
Chirikof - - 376 - - - - - -
Kodiak - - 463 - - - - —-— -
Total - -- 939 -- -- - - - --
U.S./Foreign
joint ventures
Shumagin - 7 AR 13 - 21 469 305 310
Chirikof - - 17 223 58 167 342 775 1,418
Kodiak - -- 883 230 -- 5 1,615 3,569 _ 538
Total - 7 711 466 58 193 2,426 4,649 2,266

United States

Shumagin 53 64 - '3 265 292 74 54 777
Chirikof 17 167 267 49 87 26 . 27 160 59
Kodiak* 140 443 606 415 677 1,869 4,078 2,424 2,026
Yakutat 6 3 27 4 1 8 1 1 <1
Southeastern 54 108 85 73 k) 25 18 33 92

Total 270 785 985 612 1,061 2,250 4,198 2,672 2,954

Grand total 2,257 12,162 14,870 35,323 36,088 29,380 36,401 23,217 14,307

Percent of
total ground- 142 7.2 8.7 1645 14.0 12.5 12.4 5.6 4.4
fish catch

*May include small catches from lower Cook Inlet.

Sources: Foreign and joint venture catches: personal communication with

Jerald Berger, U.S. Foreign Fisheries Observer Program, Northwest and Alaska
Fisheries Center, National Marine Figheries Service, NOAA, Bin C15700,

Building 4, 7600 Sand Point Way NE., Seattle, WA 98115. U.S. catches 1977-80:
Rigby 1984. U.S. catches 1981-85: Pacific Fishery Information Network (PacFIN),
Pacific Marine Fisheries Commission, 305 State Office Building, 1400 SW. Fifth
Avenue, Portland OR 97201.
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Table 3.-- Annual U. S. landings (t) of Pacific cod in the Gulf of Al aska,
by gear type, 1981-85.

Year

Gear type 1981 1982 1983 1984 1985
Groundfish trawl 735 2,048 4,002 2,282 2,560
Beam trawl 1 <1 - - -
Shrimp trawl 115 6 <1 - -
Gill nets 13 27 106 127 -
Longline 194 164 63 260 362
Other hook and line 3 5 27 3 13
Pots - - <1' <1 2
Seine - - - - 18
Gear unknown - <1 A <1 -

Total | 1,061 2,250 4,198 2,672 2,955

Source: Pacific Fishery Information Network (PacFIN), Pacific Marine-
Fi sheries Commission, 305 State O fice Building, 1400 SW Fifth Avenue,
Portland, OR 97201.
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Tabl e.-4Catch (t) of Pacific cod in the Qulf of Al aska, by fishery category
and vessel typ@78-85 (excluding the U 'S. donestic catch.)

Fishery category Year
and ’ ' :

vessel type 1978 1979 1980 1981 1982 1983 1984 = 19¢
Japan ‘ ‘ .

Sm. trawler 433 312 1,525 1,033 702 530 164

Lg. frz. trawler? 346 385 728 825 1,024 1,164 302
Surimi trawler® 1,267 187 558 636 226 195 205
Longliner 6,800 9,545 27,771 25,274 22,499 . 26,642 14,579 9,(
U.S.S.R. ‘

Lg. frz. trawler 1,141 835 1,942 - - - -

Republic of Korea

Sm. trawler - - - 988 237 68 50
Lg. frz. trawler 1,369 844 1,657 6,074 2,249 1,127 586
Longliner - - 9 4 <1 51 -—
Poland ‘

Lg. frz. trawler 14 127 55 135 - - - 10
Mexico i \ :

Sm. trawler - 883 - - e . - -
Lg. frz. trawler -— 56 - -— - - -

Joint venture
mothership 7 711 466 ‘ 58 193 2,426 4,649 2¢2

Total 11,377 13,885 34,711 35,027 27,130 32,203 20,545 11,3

4In 1978 and 1979, catches were reported as being from medium trawlers.

bIn 1978 and 1979, catches were reported as being from large trawlers.

Source:  Personal communication with Jerald Berger, U S. Foreign Fisheries
(bserver Program Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA, Bin 15700, Sand Point Way NE., Building 4,
Seattle, WA 98115.
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Table 5.--Japanese longline catch (t) of Pacific cod by International
North Pacific Fisheries Conmi ssion statistical area, and the
percentage of Japanese all-gear catch that was taken by
| ongl i ne, 1978- 85.

Total Percentage of
Area longline Japanese all-gear
Year Shumagin Chirikof Kodiak Yakutat catch catch
1978 3,812 2,972 15 2 6,800 77
1979 2,592 5,467 944 182 9,545 92
1980 5,958 17,0861 3,228 1,525 27,771 91
1981 8,509 13,847 1,870 1,048 25,274 91
1982 5,582 11,631 2,945 2,070 22,499. 92
1983 7,600 13,568 3,515 1,962 26,642 93
1984 10,304 4,275 - - 14,579 92
1985 7,320 1,741 <1 - 9,036 >99

Source:  Personal conmunication with Jerald Berger, U S. Foreign

Fi sheries Cbserver Program Northwest and Al aska Fisheries Center,
National Marine Fisheries Service, NOAA Bin C15700, Building 4,
7600 Sand Point Way NE., Seattle, WA 98115.
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Table 6.--Catch (t) of Pacific cod in the GQulf of A aska by
International North Pacific Fisheries Conm ssion statistical
area, 1977-85.

Year Shumagin Chirikof KodArizi Yakutat Southeastern Total
1977 726 359 866 237 69 2,257
1978 5,591 4,707 1,488 202 174 12,162
1979 3,982 6,541 3,829 371 147 14,870
1980 8,705 18,627 5,871 2,004 116 35,323
1981 11,579 19,115 3,036 2,249 109 36,088
1982 7,343 14,361 5,543 2,108 25 29,380
1983 9,178 15,675 5,567 1,963 18 36,401
1984 11,202 5,841 6,140 1 33 23,217
1985 8,426 3,224 2,564 <1 92 14,306

Sour ces: Foreign and joint venture catches: personal conmmunication
with Jerald Berger, U.S. Foreign Fishery Cbhserver Program Northwest
and Al aska Fisheries Center, National Marine Fisheries Service, NOAA
Bin C15700, Building 4, 7600 Sand Point Way NE., Seattle, WA 98115.
U.S. catches 1977-80: Rigby 1984. U S. catches 1981-85: Pacific
Fi shery Information Network (PacFIN), Pacific Mrine Fisheries

Commi ssion, 305 State Office Building, 1400 SW Fifth Avenue,
Portland, OR 97201.



93

Table 7.--Alocations (t) of Pacific cod for the North Pacific Fishery
Managenent Council Western, Central, and Eastern Regul atory
Areas in the @ulf of A aska, 1977-86.

Initial Final

Year and
Allocation West., Central East. Total West. Central East. Total

1977
oya 6,300
DAH 4,000
RES ' -
TALFF 2,300
1978
oY 40,600 40,600
DAH 15,500 . 15,500
RES 8,120 0
TALFF ' 16,980 25,100
1979
oY 9,600 19,400 5,800 34,800 9,600 19,400 5,800 34,800
DAH 4,300 8,600 2,600 15,500 240 3,480 280 4,000
RES 2,730 5,570 1,700 10,000 500 850 150 1,500

TALFF 2,570 5,230 1,500 9,300 8,860 15,070 5,370 29,300

1980
oY 16,560 33,540 9,900 60,000 16,560 33,540 9,900 60,000
-DAP 240 3,480 280 4,000 740 1,588 230 2,558
-DNP 600 1,200 1,200 3,000 100 1,200 200 1,500
-Jve 1,040 1,370 590 3,000 1,040 1,370 90 2,500
DAH 1,880 6,050 2,070 10,000 1,880 4,148 520 6,558
RES 3,312 6,708 1,980 12,000 0 0 0 0
TALFF 11,368 20,782 5,850 38,000 14,680 29,382 9,380 53,442

1981P
oY 19,320 139,130 11,550 70,000 19,320 39,130 11,550 70,000
-DAP 280 4,060 327 4,667 480 1,060 127 1,667
-DNP 700 1,400 1,400 3,500 700 1,400 1,400 3,500
-Jvp 1,213 1,598 688 3,499 413 598 188 1,199
DAH 2,193 7,058 2,415 11,666 1,593 3,058 1,715 6,366
RES 3,864 7,826 2,310 14,000 0 0 0 0

TALFF 13,263 24,246 6,825 44,334 17,727 36,072 9,835 63,634

1982
10)'¢ 16,560 33,540 9,900 60,000 16,560 33,540 9,900 60,000
-DAP 240 3,480 280 4,000 4,152 2,680 70 6,902
-DNP 600 1,200 1,200 3,000 - - -- -
-JVP 1,040 1,370 590 3,000 1,040 370 0 1,410
DAH 1,880 6,050 2,070 10,000 5,192 3,050 70 8,312
RES 3,312 6,708 1,980 12,000 0 o 0 0

TALFF 11,368 20,782 5,850 38,000 11,368 30,490 9,830 51,688
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Table 7.--Continued.

Initial Final

Year and _
Allocation West. Central East. Total West. Central East. Total

1983
oY 16,560 33,540 9,900 60,000 16,560 33,540 9,900 60,000
-DAP 840 4,680 80. 5,600 552 4,680 80 5,312
=-JVP 1,040 1,370 590 3,000 1,040 2,712 0 3,752
DAH 1,880 6,050 670 8,600 1,592 7,392 80 9,064
RES 3,312 6,708 1,980 12,000 0 0 0 0
TALFF 11,368 20,782 5,850 38,000 14,968 26,148 9,820 50,936

1984
10) 4 16,560 33,540 9,900 60,000 16,560 33,540 9,900 60,000
-DAP 500 11,700 120 12,320 500 8,700 120 2,320
-JVP 250 14,600 ° 0 14,850 3,562 14,600 0 18,162
DAH 750 26,300 2120 27,170 4,062 23,300 120 27,482
RES 3,312 3,708 1,980 9,000 0 0 0 0

TALFF 12,498 3,532 7,800 23,830 12,498 10,240 9,780 32,518

1985

10) 4 16,560 ° 33,540 9,900 60,000 16,560 33,540 .9,900 60,000
-DAP 2,539 19,90 7,920. 30,360 2,539 19,901 7,920 30,360
-JVP 3,209 4,431 01 7,640 3,209 4,431 -0 7,640
DAH 5,748 24,332 7,920 38,000 5,748 24,332 7,920 38,000
RES 3,312 6,708 © 1,980 12,000 3,212 6,608 1,980 11,800
TALFF 7,500 - 2,500 o 10,000 7,600 2,600 ¢ 10,200

1986°
oY 29,951 33,049 12,000 75,000
-DAP 9,800 19,600 5,600 35,000
-JVP 2,521 2,959 4,000 9,480
DAH 12,321 22,559 9,600 44,480
RES 5,990 6,610 2,400 15,000
TALFF 11,640 3,880 0 15,520

30Y = optimum yield; DAH = domestic annual harvest; RES = reserve;
TALFF = total allowable level of foreign fishing; DAP = domestic
annual processing; JVP = joint venture processing; DNP = domestic
nonprocessed catch,

b“E‘ishing year™ 1981 was extended to 14 months in order that
subsequent fishing years would coincide with calendar years.

Clnitial allocation as of January 1, 1986.
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70,000 t and the fishing year was extended until Decermber 31 to all ow subse-
guent OY's to cover cal endar years. In 1986 the total OY was raised to 75,000 t
and the geographic distribution was changed to 40, 44, and 16% in the Wstern
Central, and Eastern Regulatory Areas, respectively. Previously that distribu-
tion had been 28, 56, and 16%

Proportional distribution of catches in the respective regulatory areas
was relatively steady from 1979 to 1983, although in 1984 and 1985, t he vast
majority of cod catches came fromthe Wstern and Central Regulatory Areas
(Table 8). This was due in large part to the absence of Japanese |ongliners
in the INPFC Yakutat and Kodiak Areas after 1983. (Japanese longliners fishing
for Pacific cod voluntarily limted their activities to the | NPFC Shunagin
and Chirikof Areas during those years.) Japanese longline vessels were per-
mtted to target Pacific cod only in waters shallower than 350 min order to
reduce incidental catches of sablefish. Catches of Pacific cod in all three
regul atory areas were well below the final total OY allocations, especially
in the Eastern Regulatory Area (Tables 7 and 8)

Total initial allocations of Pacific cod for 1985 reflected a continuing
trend toward increasing the donestic catch and a gradual phasing out of
foreign fishing. The initial TALFF on 1 January 1985 was 10,000 t, |ess than
hal f of the 23,830 t initial TALFF allocation on 1 January 1984, and |ess
than a third of the 32,518 t final allocation for 1984 (Table 7). Two hundred
t of additional TALFF were allocated by the end of 1985. The initial 1986
TALFF was increased to 11,640 t.

CONDI TION OF THE STOCKS

Because the population structure of Pacific cod is poorly understood,
the resource is primarily managed by geographic subdivision. Thus, the
Washi ngton-to-California, British Colunbia, Aleutian Island, Bering Sea, and
Qul f of Al aska regions are each considered to have separate stocks. As tagging
studies in the @lf of Alaska, Aeutian Islands, and Bering Sea progress,
nore informationon the validity of this assunption will becone avail abl e.
Di scussions here concerning the condition of the Gulf of Al aska stock are
devel oped along two |ines: 1) resource assessment surveys and port sanpling,
and 21 size conposition and catch per unit effort (CPUE) of the Japanese
longline fishery based on data collected by the U S. Foreign Fisheries
(bserver Program  Effort data for domestic and joint venture fisheries
are not yet available to facilitate the use of production nodels. Gowh
and natural nortality rates for Pacific cod fromthe Qulf of Al aska are
not well-defined

Resource Assessment Surveys
The 1984 U. S. -Japan Cooperative Bottom Trawl Survey
The 1984 U. S.-Japan cooperative bottomtraw survey was conducted by

personnel from the Northwest and Al aska Fisheries Center in Seattle,
Washington, with extensive cooperation from the Fishery Agency of Japan,
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Table 8.--Catch (t) of Pacific cod in the Gulf of Alaska, by North
Pacific Fishery Management Council regulatory area, 1977-85.

Area
Year Western Central Eastern Total
1977 726 1,225 306 2,257
1978 5,591 6,195 376 12,162
1979 3,982 10,370 518 14,870
1980 8,705 24,498 2,120 35,323
1981 11,579 22,151 | 2,358 36,088
1982 7,343 19,904 2,133 29,380
1983 9,178 25,242 1,981 36,401
1984 11,202 11,981 34 23,217
1985 8,426 5,788 92 14,306

Sources: Foreign and joint venture catches: personal comrunication
with Jerald Berger, U S. Foreign Fisheries Cbserver Program Northwest
and Al aska Fisheries Center, National Marine Fisheries Service, NOAA
Bin C15700, Building 4, 7600 Sand Point Way NE., Seattle, WA 98115.

U S. catches 1977-80: Rigby (1984). US. catches 1981-85: Pacific
Fi shery Information Network (PacFIN), Pacific Marine Fisheries

Commi ssion, 305 State Ofice Building, 1400 SW Fifth Avenue,

Portland, OR 97201.
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whi ch contributed a chartered research vessel and scientists fromthe Far
Seas Fisheries Laboratory in Shimzu, Japan. The general objective of the
work was to determine the abundance, distribution, and biological condition
of groundfish stocks in the central and western Qulf of Al aska, June-Cctober
1984. The survey was the nobst conprehensive ever conpleted in the region

Ei ght hundred and twenty-three denmersal trawl stations ranging in depth from
27 to 823 m were sanpled between Cape St. Elias (144° W long.) and the

I sl ands of Four Mountains (170° W long.) by the chartered U S. traw ers
Morning Star and Ocean Spray and the chartered Japanese traw er Daikichi Maru
No. 37. Subsequent to the above-nentioned survey, NMFS personnel from the
Auk Bay Laboratory in Juneau, Al aska, surveyed the eastern Gulf of Al aska
from Cape. St. Elias to Dixon Entrance (132° W long.) aboard the Morning

Star. Catches of Pacific cod by the three types of trawl s enployed were
standardi zed by fishing power coefficients and adjusted to the nost efficient
trawl. The adjusted catches were used to cal culate CPUE by | NPFC area and
100-m depth interval (Table 9). The CPUE by depth was highest in the 101-200
minterval in each INPFC area, and by area (within the 101-200 m interval)
was highest in the INPFC Shumagin Area. Beyond the 201-300 m interval, the
abundance of cod was | ow.

Total biomass estimated fromthe results of the 1984 U. S.-Japan cooper a-
tive bottomtraw survey (between 144 and 170° W long) was 538,820 t, with a
95% confidence interval of 389,6623-688,016 t (Table 9). O the five INPFC
areas, bionmass was greatest in the |INPFC Kodiak Area. Bionass was estimted
at 170,128 t in the | NPFC Shumagin Area (Western Regulatory Area) and
343,747 t in the conbined | NPFC Chirikof and Kodiak Areas (Central Regul atory
Area). This is very close to the 1:2 proportional allocation used to assign
regional OY's prior to 1986. Biomass in the remaining area covered by the
U. S.-Japan survey (the INPFC Yakutat Area west of 144° W long.) was estimted
at 24,945 t.

There is evidence, however, that conputed biomass for the | NPFC Yakut at
Area as a whole may be less reliable. The estimated biomass of cod in the
western half of the INPFC Yakutat Area (24,945 t) was nuch greater than in
the eastern half (8,077 t). If one is willing to assune a nore or less uni-
formdistribution of Japanese longline effort in the east-central Qulf of
Al aska during 1982 and 1983, the historical catch data (Zenger 1985) suggest
that cod have been nore orless equally abundant in the two subareas. It
seens likely that lack of extensive sampling by the 1984 NMFS survey in the
101-200 minterval in the eastern Yakutat subarea (and the | NPFC Sout heastern
Area) resulted in low biomss estinates. Until better data are available, it
does not seem unreasonable to assume that bionmass in the | NPFC Yakutat Area
as a whole was about 50,000 t--roughly twice that in the western subarea

Nei t her the 1984 survey data nor the historical catch data provide a
basis for generating a biomass estimate for the INPFC Southeastern Area.
Lacking that, there can be no bionass estinate for the Eastern Regul atory
Area (INPFC Yakutat and Southeastern Areas conbined).

Afirst-order estimate of yield for the Gulf of Al aska Pacific cod
stocks in the INPFC Shumagin, Chirikof, and Kodiak Areas as assessed in June-
August 1984 can be derived using Qulland s (1975) equation:
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Table 9.--Catch per unit effort (in kilograns per square kil oneter
(kg/ knf)) and bionmass (t) of Pacific cod, by depth, in the
International North Pacific Fisheries Comm ssion (INPFC)
Shumagin, Chirikof, and Kodiak Statistical Areas, and the
western half of the Yakutat Statistical Area as estimted
fromresults of the 1984 U S.-Japan cooperative bottomtraw
survey in the central and western Gulf of Al aska.

Depth Shumagin Chirikof ' Kodiak Yakutatd
(m) kg/km¢ t kg/km< t kg/km¢  t kg/km< t

0-100 2,460 109,232 1,713‘ 45,718 1,024 40,080 730 8,963
101-200 4,045 58, 791 3,237 76,865 3,661 158,094 1,936 15,574

201-300 767 2,099 1,185 13,630 824 9,125 1,165 408

301-500 2 6 72 117 38 114 - --
501-700 -- -- - -- 3 4 -- --
0-700P 170,128 . 136,330 207,416 24,945

*Western subarea, 144-147° W |ong.
bTotal biomass = 538,820 t with 95% confidence limts 389, 623-688,016 t.

Sour ce: Personal conmunication with Eric Brown, Resource. Assessment and
Conservation Engineering Division, Northwest and Al aska Fisheries Center,
National Marine Fisheries Service, NOAA, Bin C15700, Building 4, 7600

Sand Point Way NE., Seattle, WA 98115. Biomass revised 12 January 1987.
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Y = 0.5 M B, where

Y = yield,

M = estimated force of natural mortality acting on the
population, and

B, = estimated virgin biomass (equated to the results of the 1984

triennial groundfish survey estimate of total biomass).

The force of natural nortality, estimated at 0.45 by Bakkal a and Wespest ad
(1985), has been applied here. Yield estimates for the |INPFC Shunagin,
Chirikof, and Kodiak Areas are 38,279, 30,674, and 46,669 t, respectively.
(These numbers were recalculated, and they reflect a small change fromthose
reported last year in Zenger and Bl ackburn (1986).) Altogether, these three
| NPFC areas--which constitute the Western and Central Regul atory Areas--have
an estimated yield of 115,025 t, which is approximately twice the OY for
1985 for the entire Qulf of Al aska.

Length frequencies from the 1984 U S. -Japan cooperative bottom traw
survey of the central and western gulf provide a basis for exanining other
aspects of the @ulf of Al aska cod stock (size frequency nodes can be used to
estimate ages, especially for younger fish). The large 1977-78 year classes
for exanple, have largely lost their predoninance in the popul ation, although
bi onass-wei ghted size conpositions show that they are probably still contri-
buting a small anopunt to the total biomass in the |largest size category
(Fig. 1). In the INPFC Shumagin Area, age-2+ cod (frequency node of approxi-
mately 40 cn) were relatively abundant and their biomass contributed a signi-
ficant amount to survey catches. That node should correspond to the 1982
year class. In the I NPFC Chiri kof and Kodi ak Areas, on the other hand, the 2+
age group was not widely found in survey catches. Generally, it appears that
post-1977 recruitnent has been strong enough to maintain the @ulf of Al aska
cod stock at a relatively high level, given its apparent underexploitation
at this time. Age-O+ cod were found as a conmponent of relatively dense
sem pel agi ¢ schools during the 1984 triennial survey al ong Shelikof Trough
northeast of Chirikof Island and in | ower Shelikof Strait near the Al aska
Peninsula. The possibility of a strong 1984 year class of Pacific cod in the
Gl f of Alaska was investigated during a late sumer 1985 traw survey of
juvenile groundfish in the Kodiak Island to Shumagin Island region. Juvenile
Pacific cod were rarely caught during the survey which was largely exploratory
in nature. A simlar trawl survey for juvenile groundfish was conducted in
1986.

The next update of the status of Pacific cod stocks in the Qulf of Al aska
will followthe triennial groundfish trawl survey to be conducted during the
sumer of 1987

Al aska Departnent of Fish and Game G oundfish Traw Surveys

The Al aska Departnent of Fish and Game (ADF&G conducted summer groundfish
trawl surveys in Shelikof Strait from 1980 to 1985, and in the Chignik area
from 1981 to 1984. Size conpositions indicate annual changes in the size-
speci fic abundance indices of fish that were available to capture by traw in
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each survey area. In 1981, newy recruited small cod (identified as age-1+)
were taken in both areas (Fig. 2). They reappeared in both areas in 1982
with a frequency node of about 40 cm  Since then conparable recruitnent

of age-1+ cod has not been detected, although during the 1983 survey in the
Shel i kof area a nmbde at 39 cmin the length fregency curve suggested that the
1981 year class may have been roughly conparable to that of 1980. It appears
that in 1982 either the 1981 year class was in the area and went undetected
or that possibly it moved into the area after the survey. A node in the 1985
frequency distribution that was | ocated near 45 cm suggested that the 1983
year class may have been relatively large

Since even the nost basic information about cod spawning and migration
patterns in the Qulf of Alaska is limted, the reliability with which data
froman apparently localized concentration of cod can be projected as an
i ndi cator of abundance and biol ogical condition of-the gulf-w de stock
requires nore study. For exanple, by conparing unweighted size conpositions
fromthe 1984 U. S.-Japan cooperative bottomtraw survey of the central and
western gulf (Fig. 1) to those from the 1984 ADF&G groundfish surveys (Fig. 21,
it is apparent that the nore conprehensive U S -Japan survey took cod of a
wi der range of sizes--particularly the snaller age-O+ and age-I+ fish. How
greatly the localization of the donmestic and foreign fisheries and gear
selectivity influence size conposition data is best indicated by conparing
the results of the 1984 U.S.-Japan survey to those from other sources. Note
that in the Chignik area in the 1984 ADF&G survey, CPUE was hi ghest for cod
of around 50 cm (Fig. 21, whereas length frequencies collected fromconmmercia
vessels fishing in the vicinity of Kodiak Island during the fourth quarter of
1984 indicate a najor node near 58 cm (Fig. 3). Further, the size conposi-
tions of cod collected aboard Japanese longliners in the | NPFC Shunagi n and
Chirikof Areas in 1984 show the predom nant frequency node at 63 cm(Fig. 4).

Al though it was nore limted in geographic coverage, the ADF&G groundfi sh
survey was the only annual research programto update industry-independent
estimates of groundfish stock condition. It was discontinued after 1985 due
to budgetary restrictions.

U S. Foreign Fisheries Ohserver Data
CPUE by Japanese Longline Vessels

Japanese longline CPUE indicates the relative abundance of Pacific cod
al though as that fishery has been nore closely regulated and areas nore
restricted, the scope of the data has been narrowed considerably. In this
fishery Pacific cd are targeted in waters shallower than 300 m and catches
at greater depths are relatively infrequent and usually associated with the
fishery for sablefish. Between 1978 and 1985 Japanese |ongline CPUE for
Pacific cod has generally increased in the | NPFC Shumagi n and Chiri kof
Areas (Table 10). Part of that trend may have been associated with
i ncreased knowl edge about the distribution and abundance of cod, especially
inthe earlier years when the Japanese began to transfer fishing effort
from sablefish to cod. Al though the significance of changes in CPUE in
recent years is masked sonewhat by the shifting of the fishery to shallower
depths (Table 111, it can be ascertained by tracking CPUE in the key 100-199 m
stratum that the abundance of cod has increased
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Table 10 --Catch per unit effort (t per 1,000 hooks) of Pacific cod
for Japanese longliners, by depth and International North
Pacific Fisheries Conmission (INPFC) statistical area,
1978-85. (Based on sanples col | ected by the u.s. Foreign
Fi sheries observer Program)

Depth Area
Year {m) Shumagin Chirikof Kodiak Yakutat
1978 100-199 0.514 . 0.669 Nsé NS
200-299 0.586° 0.521 NS NS
100-299 0.517 0.644 NS NS
1979  100-199 0.572 0.581 0.833 ‘0.193bP
200-299 0.610 0.737 0.4130 NS
100-299 0.584 0.631 0.684 0.193
1980 100-199 0.623 0.547 0.404P NS
200-299 0.671 0.672 0.569P NS
100-299 0.641 0.628 0.504 NS
1981  100-199 0.688 0.646 0.354P NS
200-299 0.710P 0.554 0.412P NS
100-299 0.691 0.629 0.361 NS
1982  100-199 0.743 0.682 0.456 0.131b
200-299 0.688 0.640P NS NS
100-299 0.732 0.686 0.456 0.13%
1983 0-99 0.845P NS NS NS
100-199 0.734 0.765 0.444P NS
200-299 0.445P 0.662 " 0.624 0.328P
0-299 0.729 0.745 0.598 0.328
1984 0-99 1.608 0.946P NS NS
100-199 1.012 0.734 NS NS
200-299 0.495b 0.184P NS NS
0-299 1.018 0.735 NS NS
1985 0-99 1.502 1.376 NS NS
100-199 1.410 1.217 NS NS
0-199 1.446 1.242 NS NS

iNS:  No sanple.
PRel atively small sanple.

Source :  Personal communicaton with Jerald Berger, U S. Foreign Fishery
Observer Program Northwest and Alaska Fi sheries center, National
Marine Fisheries Service, NOAA, Bin C15700, Building 4. 7600 Sand Poi nt
Wy NE., Seattle, wa 98115.
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Table 11.--Catch per unit effort (CPUE) of Pacific cod for Japanese
longliners derived from sanples collected by the US.
Forei gn Fi sheries observer Program in the International
North Pacific Fisheries Canmi ssion (INPFC) Shunagin,
chirikof, and Kodiak Statistical Areas, for fishing depths
shal | ower than 300 m, 1978-85.

Total estimated Total hooks CPUE for total Mean
Year/ sample catch fished sample depth per
INPFC area “(t) (x1000) (/1000 hooks) set (m)
1978
Shumagin 465.9 : 900.9 0.517 166
Chirikof 1,106.8 1,717.5 0.644 183
Combined .
areas 1,57247 ‘ 2,618.4 0,601
1979
Shumagin 573.7 982.0 0.584 217
Chirikof 798.5 1,265.4 0.631 199
Kodiak 135.3 197.7 0.684 178
Combined
areas 1,507.5 2,445.1 0.617
1980
Shumagin 580.6 905.7 0.641 193
Chirikof 1,031.9 1,644.2 0.628 210
Kodiak 126.6 251,0 0.504 213
Combined
areas 1,739.1 2,800.9 0.621
1981
Shumagin 911,.2 ‘ 1,318.6 0.691 157
Chirikof 1,013,0 ) 1,611.0 0.629 166
Kodiak 49.4 ~136.9 0.361 158
Combined
areas 1,973.6 3,066.5 0.644
1982
Shumagin 672.0 918.0 0.732 107
Chirikof 1,149.1 1,693.2 0,686 137
Kodlak 129.4 284.0 0.456 99
Combined '
areas 1,950.5 . 2,895.2 0.674
1983
Shumagin 3,512,6 4,817.6 0.729 140
Chirikof - 6,881.3 ) 9,237.4 0.745 162
Kodlak 257.0 430.0 0.598 214
Combined )
areas 10,650,9 ' 14,485.0 0,735
1984
Shumagin 7,967.8 i 7,830.0 1.018 130
Chirikof 3,941.7 5,365.0 0.735 128
Combined
areas 11,909.5 } 13,195.0 0.903
1985 ‘
Shumagin 7,019.1 4,854.6 1.446 93
Chirikof 1,648.4 1,327.4 1.242 109
Combined i
areas 8,667.5 6,182.0 1.402

Source:  Personal communicaton with Jeral d Berger, U.S. Foreign Fi shery
Gbserver Program Northvest and Alaska Fi sheries Center, National
Marine Fisheries Service, NOAA, Bin Cl15700, Building 4, 7600 Sand
Point Way NE., Seattle, WA 98115.
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Ranked CPUE (kg/day) for the mpst, conmmon species captured by the Japanese
longline fishery for Pacific cod shows that Pacific cod always ranks first,
with Pacific halibut or sablefish second (Table 12). In 1983 and 1984 Pacific
hal i but catch rates increased, probably because of the trend toward fishing
in shallower waters, and the recent increase in the abundance of halibut. In
1985 Japanese longliners fished only until early April and the CPUE of Pacific
hal i but decreased somewhat from the previous 2 years.

It is appropriate to note here that another longline activity (Japan-U.S.
| ongline surveys, 1978-85) suggests that cod recruitnent has occurred during
each year. Indices of abundance derived fromthat survey suggest that the
cod popul ation found deeper than 100 min the @ulf of Al aska has been rel a-
tively stable since 1980 (Teshinma 1986).

Size Conposition of Pacific Cod Taken by Longliners

The nost consistent and relatively long-termsource of Pacific cod size
conposition data fromthe @l f of Al aska conmes fromthe Japanese |ongline
fishery. Length frequency data fromthat fishery collected by the U S
Foreign Fisheries Cbserver Programfrom 1979 to 1985 are sunmarized by 3-nonth
periods in Figure 4. Length frequencies are weighted by the catch of Pacific
cod for each quarter year. Resulting histograns show the relative contribution
to the total quarterly catch made by each centineter size group. Also included
with the weighted size conposition figures are unweighted |ength frequencies,
since the mniscule biomass represented by the small fish often nasks their
relative year-class strengths. During the fourth quarter of 1979 a relatively
abundant group of fish appeared in the 40-50 cminterval, indicating the
presence of the 1977 year class in the fishery. The recruitment of the 1977
year class (estimated as 3-year-olds fromlength-frequency nodes) became nore
notable in 1980 and with tine, as the node noved to the right and strengthened
the 1977 and possibly the 1978 year classes becane the najor contributors to
the Japanese longline fishery. (In the fourth quarter of 1980 there was once
again a relatively large proportion of cod in the 40-50 cm range, suggesting
that the 1978 year class was also strong--although the overwhelmng size of
the preceding (1977) year class was such that the 1977 and 1978 year cl asses
could not be separated by inspection of the frequency histograms). Indications
are that there has been recruitment every year except 1984, and that the 1977,
1978, and possibly the 1980 and 1982 year classes were relatively strong. The
limted geographic distribution of the Japanese longline fleet and the early,
abbrevi ated season may explain in part the lack of smaller fish in the 1984
and 1985 catches.

POTENTI AL YI ELD

Maxi mum sust ai nabl e yield (MSY) was estinated at 88,000-177,000 t by Low
et al. (1979) and at 95, 000-190,000 t by Zenger and Cunmi ngs (1983) based on
various Qulf of Al aska groundfish surveys that were conducted in 1980 and 1981
The results of the 1984 Culf of Al aska triennial groundfish survey indicate
that the potential yield for the Western and Central Regulatory Areas is
115,622 t with 95% confidence limts of approxinately 87,000 to 154,000 t.



Tabl e

12 .--Banked catch per unit effort

114

(CPUE) in ki

| ograms/day for the

four predom nant species in Japanese |ongline catches from

depths less than 300 min the International North Pacific
Fi sheries Commi ssion Shumagi n, Chirikof, and Kodi ak
Statistical Areas, 1979-85.
.Area and CPUE
Shumagin kg/d Chirikof kg/d Kodiak kg/d
1978
Pacific cod 7,509 Pacific cod 9,072
Sablefish 232 Pac. halibut 101 No fishing effort
Arrowtooth fl. 139 Sablefish 77 reported
W. pollock 92 W. pollock 74
1979 ,
Pacific cod 6,039 Pacific cod 9,506 Pacific cod 2,706
Pac. halibut . 103 Sablefish 339 Pac. halibut 303
Sculpin 66 Pac. halibut 143 Sablefish 101
Sablefish 63 Arrowtooth fl. 96 Arrowtooth fl. 3
1980 '
Pacific cod 9,841 Pacific cod 10,117 Pacific cod 9,041
Pac. halibut 434 Sablefish 709 Pac. halibut 1,326
Greenland tur. 401 Pac. halibut 441 Sablefish 1,089
Sablefish 257 Arrowtooth fl., 126 Arrowtooth fl. 238
1981
Pacific cod 10,595 Pacific cod 11,917 pacific cod 4,937
Sablefish 1,199 Sablefish 1,116 Sablefish 1,353
Pac. halibut 444 Pac. halibut 917 Pac. halibut 795
Arrowtooth fl. 124 Arrowtooth fl. 250 Sculpin 116
1982 '
Pacific cod 7,814 Pacific cod 9,738 Pacific cod 4,044
Sablefish 625 Pac, halibut 702 Pac. halibut 699
Pac. halibut 255 Sablefish 343 Sablefish 330
W. pollock 77 We. pollock 102 Skates 101
1983
Pacific cod 9,597 Pacific cod 11,585 Pacific cod 6,947
Sablefish 969 Pac. halibut 1,202 Sablefish 1,889
Pac. halibut 778 sablefish 651 Pac. halibut 1,649
W. pollock 159 aArrowtooth fl. 276 Arrowtooth fl. 233
1984
Pacific cod 15,442 Pacific cod 13,639
Pac. halibut 882 Pac, halibut 1,303 No fishing effort
Sablefish 468 Sablefish 307 reported
Arrowtooth fl. 126 Arrowtooth fl. 211
1985
Pacific cod 22,460 Pacific cod 19,746
Pac. halibut 706 Pac. halibut 1,010 No fishing effort
Searcher 73 Sculpin 67 reported
Arrowtooth fl. 52 Yellow Irish 1d. 53
Source:  Personal comunication with Jerald Berger, U S. Foreign
Fi sheries CObserver Program Northwest and Al aska Fisheries Center,
National Marine Fisheries Service, NOAA, Bin C15700, Building 4,

7600

Sand Point \Way NE.,

Seattl e,

WA 98115
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Al though estinmates for the I NPFC Yakutat and Sout heastern Areas were not
included, the contribution by those areas would be relatively small, probably
an additional 10,000 t. The resulting estimate of mean yield (125,000 t) is
somewhat smaller than the 1979 and 1982 estimates of 133,000 and 142,000 t.

The current estimte was based on nore cohesive data than the earlier estimates,
with fewer unknown variables involved

The OY has been maintained at about half of MSY in recent years. In 1986
the OY was increased to 75,000 t to accommpdate requests fromthe fishing
industry. This nove was justified by the fact that the previous OY was low in
relation to the current estimated potential yield and that the ability to
noni tor bycatches of Pacific halibut has inproved greatly.

RESEARCH | N PROGRESS

Wrk is continuing to test the reliability of dorsal spines as age
structures. Pacific cod are being tagged as secondary objectives to other
prograns, principally to study their novements. Predator-prey relationships
are being studied to enhance the information available for ecosystem nodel | ing.
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ATKA MACKEREL
by

Lael L. Ronholt

| NTRODUCTI ON

At ka nmackerel (Pleurogranmmus nonopterygius) are distributed throughout
the @ulf of Alaska, but are primarily found In the International North Pacific
Fi sheries Commission (INPFC) Kodiak, Chirikof, and Shumagin Statistical Areas
at depths of 50-350 m

Foreign nations have historically been the principal harvesters of Atka
mackerel . Soviet fleets domnated the fishery from 1972 to 1980, and those
from the Republic of Korea (ROK) donminated in 1981-83. Joint venture opera-
tions, with U'S. fishermen delivering primarily to ROK processors in the | NPFC
Shumagi n Area, began in 1983 and in 1984 the foreign catch--taken nostly by
Japanese vessels--was slightly exceeded by this fishery. Also in 1984, Atka
mackerel were reported in the US. domestic catch for the first tine. Catches
by nation and joint venture are presented in Table 1. Estimtes of optinum
yield (OY), the harvest level that provides the greatest overall benefit to
the nation, are also presented for each year beginning with 1977 when the
Magnuson Fishery Conservation and Managenment Act went into effect.

Catches of Atka mackerel have declined drastically over the past 10
years, and the distribution of the catches has shifted westward (Table 2).
Froma high of roughly 28,000 netric tons (t) in 1975, catches declined to a
pl at eau of about 19,000 t yearly in 1976-78 and then declined sharply to the
historic lowof 1,152 t in 1984 before increasing slightly to 1,848 t in
1985. The | NPFC Kodi ak Area was the best producer in the early, nost produc-
tive years of the fishery--providing two thirds of the catch in 5 of the 7
years from 1974 to 1980. In 1978, and nore recently in 1981-83, the adjacent
I NPFC Chiri kof Area was the primary producer. In 1984 and 1985, over 94% of
the catch (even though very small) was taken in the INPFC Shumagin Area.

CONDI TION OF THE STOCK

Fromthe outset, the United States has managed the Atka mackerel resource
on the prenise that there are separate stocks in the @ulf of Al aska and
Bering Sea-Aleutian Islands regions. The validity of this approach is supported
by the conclusions of Levada (1979a), which tentatively showed that sanples
fromthe two regions are distinct norphologically and neristically.

Efforts to obtain a precise nmeasure of the condition ofthe Gulf of Al aska
stock using conventional nethods are beset with difficulty. The series of
catch per unit effort (CPUE) data fromthe Soviet commercial fisheries has been
interrupted with the suspension of these fisheries, and CPUE data from resource
surveys (another indicator of stock condition) are of limited use because of
the variability introduced by the intensive schooling behavior of Atka mackerel
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Table 1 .--Catch (t) of Atka mackerel (Pleurogramus nonopterygius) in the

@l f of Alaska, by fishery category, 1974-85. Qptinum Yield (OY)
is included for each year since the Magnuson Fishery Conservation

and Managenent Act.

Republic

Year U.S.S.R. Japan Ko::a: Mexico Poland Jv  U.S. Total o) 4

1974 17,531 a - - - - - 17,531

1975 27,776 a - - - - - 27,776

1976 19,933 a - B - | - - 19,933

1977 19,246 a - - 209 - - 19,455 22,000

1978 18,387 1,136 63 . - - - - - 19,586 24,800

1979 10,265 = 568 81 . 36 - - - 10,950 26,800

1980 10,473 1,896 736 57 - - - 13,162 28,500

1981 - 3,636 14,811 : - 280 - - 18,726 28,700P

1982 - 2,087 4,672 - - - - - 6,759 28,700

1983 - 2,806 8,664 | - - 790 - 12,260 28,700

1984 - 532 4 L T 585 31 1,152 28,700
- 1,846 - 1,848 5,278

1985 - T 2 -

®Reported in a category called "other species."

bOptirmm yield (Oy) for 1981 is sonetinmes given in other reports as 33,484 t.
This figure (33,484) was conputed on the basis that fishing year 1981 | asted
14 nonths. This, in turn, was done so that future fishing years would coin-
cide with cal endar years.

T. Trace; JV: Joint venture.

Sour ces: 1974-76: Forrester et al. (1983); foreign and joint venture catches
1977-84:. Berger et al. (1986); foreign and joint venture catches 1985; personal
communi cation with Jerald Berger, U S. Foreign Fisheries observer Program
Nort hwest and Al aska Fisheries Center, National Mrine Fisheries Service, NOAA
7600 Sand Point Way NE., BIN Cl15700, Building 4, Seattle, WA 98115; domestic
cat ches: Pacific Fishery Infornmation Network (PacFIN), Pacific Mrine Fisheries
Conmi ssion, 305 State O fice Building, 1400 SW Fifth Avenue, Portland, OR 97201.
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Table 2,--Catches (t) of Atka mackerel (Pleurogrammus monopterygius) in the Gulf of
Alaska, by fishery category and International North Pacific Fisheries
Commission statlatical area, 1974-85,

Area
Year Shumagin Chirikof Kodiak Yakutat Southeastern Total
1974 U.S.54Re 4,742 2,748 10,041 - - 17,531
Japan - - - - - *
17,531
1975 UeSeSeRe 2,132 743 23,688 1,213 - 27,776
Japan - - - - - -
27,776
1976 UsS.S+Re 1,552 4,394 13,21 776b - 19,933
Japan - - - - - *
19,933
1977 Us5+SeRe , 69 2,057 17,120 - - 19,246
Japan - - - - - .
poland - - 209 - - 209
19,455
1978 U.S8.5.R. 184 17,320 a83 - - 18,387
Japan 243 265 338 125 165 1,136
ROK 61 2 - - - 63
19,586
1979 U.S5.5.R. 5 708 2,552 - - 10,265
Japan ] 322 8 227 1" - 568
ROK a1 - - - - at
Mexico 1" 4 21 36
10,950
1980 UeSeSeRe 899 90 9,484 - - 10,473
Japan 35 179 1,51 1m T 1,896
ROK 736 - - - - 736
Poland 48 9 - - - 57
13,162
1981 Japan 699 1,3n 1,389 212 25 3,636
ROX 2,551 11,147 46 1,066 - 14,810
Poland 221 59 - - - 280
18,726
1982 Japan 1,922 77 87 1 - 2,087
ROK 1,241 3,4 - - - 4,672
' 6,759
1983 Japan 1,498 1,243 65 T - 2,806
ROK 1,096 7.568 - - - 8,664
Jv 789 - 1 - - 790
12,260
1984 Japan 476 56 T - - 532
ROK 2 2 - - - 4
Poland - - T - - T
Jv 578 2 5 - - 585
U.s n - - - - n
1,152
1985 Japan T - - - - T
ROK 2 - - - - 2
JV 1,843 k| T - - 1,846
1,848

*Reported in a category called “other species."
T. Trace ROX:  Republic of Korea, JV: Joint venture.

Sources:  1974-76: Forester et al. (19830, foreign and joint venture catches 1977-84:
Berger et al. (1986), foreign and joint venture catches 1985, personal comunication
with Jerald Berger, U S. Foreign Fisheries Chserver Program Northwest and Al aska
Fisheries Center, National Marine Fisheries Service, NOAA 7600 Sand Point WAy NE.,
BIN C15700, Building 4. Seattle, WA 98115, domestic catches: Pacific Fishery
Information Network (PacFIN), Pacific Marine Fisheries Conmission, 305 State Office
Building, 1400 SW Fifth Avenue, Portland, OR 97201.
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Catch Data

Even without acconpanying effort data, catch data can be used--to assess
the general condition of stock particularly when supported by associ ated
bi ol ogi cal dat a. Note, for exanple, the drastic decline of the catches in
the INPFC Kodiak Area--froman average 12,326 t in the period 1974-80 to an
average of just 393 t in 1981-85, including a historical low of "only a trace"
in 1985 (Table 2 and Fig. 1). The recent catches are indicative of the

reduced biomass reported from research cruises. |In 1981 the Soviet research
vessel Shantar, sanpling on the usually productive Al batross Bank, was unable
to locate any large concentrations of Atka mackerel. Simlarly, in 1982

Sovi et scientists working aboard the research vessel Mys Dalniy were unable
to obtain sanples of Atka nmackerel at the usual |ocations. Corroborating
information was obtained in 1984 during the U S.-Japan cooperative bottom
trawm survey of the central and western Qulf of Al aska (Brown 1986). Based
on the small nunber of Atka nackerel taken in the | NPFC Kodi ak Area during
the 1984 survey, biomass was estimated at only 516 t (Brown 1986). Further
an extensive U S.-US.S. R cooperative groundfish survey in 1985 produced no

evi dence of significant nunbers of Atka mackerel in the I NPFC Kodi ak Area.

Catch data are too sporadic in the adjacent | NPFC Chirikof Area to make
simlar long-term conparisons. Although landings in this area remained
hi gher than in the I NPFC Kodi ak Area in 1982-83, they too decreased--to only
58 t in 1984 and 3t in 1985. Moreover, the U.S. resourcenent assessnent sur-
vey took no Atka nmackerel in the INPFC Chirikof Area in 1984, nor did the US. -
U S. S R survey in 1985.

Catches in the I NPFC Shunmagin Area were stable between 2,500 and 3,500 t
in 1981-83, but this was assuned to be nore reflective of the Total Allowable
Level of Foreign Fishing (TALFF) for the area (roughly 4,000 t) than of stock
abundance. In 1984, when the foreign conmercial catch in the I NPFC Shumagin
Area decreased to 1,087 t, the U S. -Japan survey found Atka nmackerel to be
nore abundant there than in the other areas--w th bionass being estimated at
35,548 t, nostly in waters 100 m deep or less (Brown 1986). Only npdest
catches of Atka mackerel were taken during the 1985 U.S.-U S. S.R cooperative
survey.

Length

Fish length is another criterion for studying stock condition. For Atka
mackerel in the Qulf of Alaska, data fromthe Soviet comrercial fishery
(collected either by the Soviet scientists or by the U 'S. Foreign Fisheries
Observer Progran) and suppl emented by data from U S. research cruises are the
most conprehensive in this regard. These data show that the proportion of
| arger Atka mackerel in the | NPFC Kodi ak Area increased substantially between
1971 and 1977, when 80% were 28-34 cmlong, and 1981 and 1985, when at |east
86% were 40 cm or longer (Figs. 2 and 3). During the early years of the
fishery, mean length of the sanples fluctuated between 27 and 34 cm indica-
ting that the recruitment of young fish was consistently good. It is also
noteworthy that fish 40 cmand | arger were absent fromthe earlier (fishery)
sanpl es. The gradual increase of the mean and nodal |engths and the absence
of yearclass pulses at the lower margin of the length frequency curve in
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Figure 3.--Length frequency distribution of
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recent years suggests that recruitnent may be insufficient to maintain the

stock at the high level once observed, or possibly that the recruitnment
processes or even the conduct of the fishery itself have changed. The weak
showi ng of smaller fish in the 30 to 34 cmrange was confirned by data collected
by U.S. scientists aboard the Soviet research vessels Shantar and Mys Dalniy

in the NPFC Kodi ak Area in 1981-82, data fromthe Japanese commercial “TTshery
in 1983, data fromthe US. survey in 1984, and data fromthe U.S.-U S.S.R
cooperative survey in 1985

Length frequency data fromthe INPFC Chirikof Area are available from
the CQbserver Programfor 1978 and 1981-84, fromthe ROK commercial harvest
for 1981-84, and research surveys in 1984 (Fig. 4). In the | NPFC Chirikof
Area, as in the INPFC Kodi ak Area, the mean |length of sanples taken in 1981-84
has increased. Limted recruitment is indicated in the Cbhserver Program data
in 1982 and 1983, but not in 1984, nor in the ROK fishery sanples. |n 1984
both the observer and research data show a binodal |ength frequency distri-
bution, with nodes at 39-42 and 45-47 cm

Sanpl es for the INPFC Shumagin Area are available fromthe U S. Foreign
Fisheries Cbserver Program in 1980-84, the ROK commercial fishery in 1981-83
(Fig. 51, the U S -US. S Rresearch surveys in 1982-85, and the joint venture
fisheries-- U S.-ROK (1983 and 1985) and U.S.-U S.S.R (1985) (Fig. 6). These
di splay increasing nean |lengths from 1980 to present. The observer data and
ROK commercial fishing data indicate sone recruitment in 1982, while the
research surveys and the joint venture fishery data indicate additiona
recruitment in 1983-85.

Age

Age conposition is another commonly used indicator for studying stock
condition. However, because ages determ ned by Soviet scientists using
scales differ from those obtained by U S. scientists using otoliths (Levada
1979a; Levada 1979b; and Fadeev and Kharin 1981), the data offer first
approxi mati ons at best.

Limted age sanples are available for Atka mackerel in the |INPFC Kodi ak
Area. (Cbserver sanples were collected in 1978 and 1980 and resource assess-
ment survey sanples in 1982 and 1984.

Because nost spawning in the Kodiak Area is conpleted by Cctober (Fadeev
and Kharin 1981) and the incubation period |asts 31-45 days, Novermber 1 has
been selected as the birthday for the cohorts. Based on this criterion, the
avai | abl e age data indicate that since 1979 the stock in the Kodiak Area has
been domi nated by the strong 1975 and 1977 year classes (Fig. 7).

Al'though the later samples,( 1982 and 1984) are quite small because of the
| ow abundance of Atka mackerel in the survey area, they show, nonethel ess, that
the 1975 and 1977 year classes are well represented. These data do not indicate
that there has been any substantial recruitment in the Kodiak Area in recent
years.
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Only one age sanple, resource survey 1984, is available for Atka mackerel
fromthe INPFC Chirikof Area. These data show that, anong the ol der age groups,
the 1977 year class was also domnant in the Chirikof Area. Significantly, the
data also indicate that there has been substantial recruitnent in this area

(Fig. 8).

There are two age sanples fromthe | NPFC Shumagin Area--one fromthe 1982
resource assessnent surveys and another fromthe 1984 Cbserver Program collec-
tions. The data reveal that the 1977 year class was very domi nant in the
area and that, although recruitnent has generally been |low, the 1982 year
class is well represented (Fig. 8).

POTENTI AL Yl ELD

Estimates of Maxi num Sustainable Yield

Maxi num sustainable yield (MSY) is an average, over a reasonable |ength of
time, of the largest catch which can be taken continuously from a stock under
current environmental conditions. It normally is presented with a range of
values around its point estinmate.

Early estinates of MY necessarily were based on rather vague information
and assunptions. Soviet hydroacoustic surveys in the Aleutian |Islands area
in 1977 found eight concentrations of Atka mackerel with an estimted bi omass
of 110,000 t. Traw surveys indicated a biomass thought to be as large in the
Qulf of Alaska. Most of the fish available to the traws were 30 cmor |onger-
mature fish older than 3 or 4 years. On the basis of analyses of biological
characteristics, Soviet scientists believed that 30% of the adult stock could
safely be harvested. Accordingly, MY for Atka mackerel in the Gulf of Al aska
was set at 33,000 t (North Pacific Fishery Managenent Council 1984).

In 1979 Soviet scientists conducted the first hydroacoustic and traw
survey of the western Qulf of Al aska between 148 and 164° W long. (Fadeev
1979). Their estimate of the bionmass of Atka mackerel (32,447 t) becane
95,552 t when extrapolated to the entire Qulf of Alaska, including the
unsurveyed areas east of 148° W long. This agreed reasonably well with the
estimated bi omass of 110,000 t that had been projected on the basis of the
Al eutian survey. Subsequently, however, commercial fishing operations and
resource assessnent surveys have shown that Atka mackerel are not highly
abundant in the @ulf of Al aska east of 148° W long. as was assumed by the
Soviet scientists. It is likely, therefore, that the 32,447 t estimated to
inhabit the area west of 148° W long; is closer to the gulf-w de biomass
than the extrapolated estimate of 110,000 t.

Efinmov (1984) tried a second approach. Enploying a surplus production
nodel based on fishery data to circumvent problens with age determ nation, he
estimated that between 1976 and 1979 bi omass ranged from 69,210 to 89, 167 t
(Table 3) and that the MSY of harvestable fish, age 3 to 8 years, was 28,300 t.

It is appropriate to note, however, that the MSY of 28,300 t calculated by
Efi mov was based on years when biomass was high, as indicated by the linited
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Table 3.--Mean catch per unit effort (CPUE), estinated biomass, and nean
I ength of Atka mackerel (Pleurogranmus nonopterygi us) in the
in the @ulf of Al aska, 1971-80.

Year Mean CPUE (t/h) Biomass (t) Mean length (cm)

1971 - - 31.9
1972 - - 31.9
1973 - - 34.3
1974 - - 23.4
1975 1.5 69,210 29.5
1976 2.0 80,128 30.7
1977 2.2 84,354 30.6
1978 2.3 88,286 35.1
1979 2.5 89,167 35.2
1980 1.9 - 38.0

Sour ces: Mean CPUE 1975-79: Efinov (1984); 1980: Fadeev and Kharin (1981).
Bi onass: Ef i mov: (1984). Mean length 1971-77: Levada (1979b); 1978 and
1979: personal communcation with Jerald Berger, U S. Foreign Fisheries
Observer Program Northwest and Al aska Fisheries Center, National Mrine

Fi sheries Service, NOAA 7600 Sand Point Way NE., Bin C15700, Building 4,
Seattle, WA 98115; and 1980: Fadeev and Kharin (1981).
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CPUE data available (Table 3) and the previously discussed stability of the
mean and nmodal |engths of fish in the comrercial catch, rather than over a

| ong span of vyears.

The MSY al so can be estinmated using the equation devel oped by Al verson
and Pereyra (1969) and nodified by Gulland (1969):

MSY = a M B,
wher e

a
M

Bo

constant 0.4 (Qulland) or 0.5 (Alverson and Pereyra)
i nstantaneous natural nortality rate, and
virgin biomass.

Using the values (a) = 0.4 and (M = 0.6 (Efinov 1984) with Efinov's
m ni num bi omass estimate (B, of 69,210 t, a conservative MSY of 16,610 t can
be calculated for 3- to 5-year-old fish. Simlarly, MSY of 26,750 t can be
obtained using (a) = 0.5 and (M = 0.6 with Efinmov's naxi mum bi onass estinate
(B,) of 89,167 t. The average of the two estimates is 21,680 t.

[f, however, the biomass estinmate (B, of the western gulf (36,100 t,
rounded from Brown 1986) is used in conjunction with (a 1 values of 0.4 or

0.5 and (M = 0.6, MSY is estimated at 7,220 and 8,664 t, respectively.

Levada (1979b) reported that Atka nackerel were only found in snal
numbers in the comercial catches of the Gulf of Al aska before 1970, and that
they occurred only in small numbers on the inportant Al batross and Portl ock
Banks prior to 1976. Wthin a year, however, there were |arge comrercia
catches in these areas. One interpretation may be that Atka mackerel have
not always occurred in commercial concentrations in the Gulf of Al aska and
that the large catches and bi omass estimates of the 1970's may reflect a
"popul ation explosion" and an acconpanyi ng geographi ¢ expansi on of the stock.
Based on this hypothesis, estinmates of |ong-term MSY would be | ower than any
of those conputed above.

Estimates of Equilibrium Yield

Equilibriumyield (EY) is the annual or seasonal harvest which maintains
the resource at approximately the same | evel of abundance (apart fromthe
effects of environmental variation) in succeeding seasons or years. It is
usual Iy | ess than MSY because abundance is nornally not at the [evel which
produces MSY

From 1977 to 1984, the EY was set equal to the 33,000 t MSY that had,
in turn, been derived fromthe early Soviet work (NPFMC 1984). By 1984
however, the decline of the catch in the historically inportant | NPFC Kodi ak
Area and the apparent [ow recruitnent indicated that MSY was no |onger attain-
able and that EY should be set |ower than MSY (Ronholt 1985). Based on
updated information on the condition of the stock, MSY was reestinmated at
7,800 t (the lower end of the range of estimates described earlier).
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Estimates of Optimum Yield

The optimum yield (OY), after having been set at 87% of EY (28,700 t)
in 1977-84, was determined by a new rationale for the 1985 fishing season.
Noting the apparent-collapse of the stock based on information presented by
Ronholt (1985)(specifically, sharply declining catches, the westward shift
in distribution, and weak recruitment), the NPFMC sought to set OY as near to
zero as was practical to allow the continued operations of the donestic,
joint venture, and foreign fisheries. The OY was set at 4,678 t in the NPFMC
Western Regulatory Area (INPFC Shumagin Area), the same as in previous years,
but reduced to 500 t and 100 t in the Central and Eastern Regul atory Areas.
The latter ampunts were intended to provide enough Atka mackerel for by-catch
to allow fisheries targeting on other species to continue.

RECOMVENDATI ON

Based on the | atest data--the continued decline of the commercial catches,
| ow abundance as indicated by the resource assessnent surveys, and the apparent
lack of recruitnent --it is recomended that OY again be held at a | ow | evel
for the 1987 fishing season.
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AGE COVPCSI TI ON AND RECRUI TMENT TRENDS OF
PACI FI C OCEAN PERCH OFF SOQUTHEASTERN ALASKA
N 1984 AND 1986

by

John F. Kari nen‘I/and Bruce L. an'I/

| NTRODUCTI ON

The abundance of Pacific ocean perch (Sebastes al utus) was | ast
estimated fromdata collected in the 1984 Gulf of Alaska triennial survey
(Carlson et al. 1986). No systematic trawl surveys for groundfish
(including S. alutus) were made in 1985 and 1986. The next major traw
survey in the @ulf of Alaska is scheduled for the summer of 1987.

An effort to determine age conposition of S. alutus off southeastern
Al aska was made from sanples collected in April-My 1984 (Carlson et al.
1986). A sanple of 1,148 otoliths fromS. alutus aged by the "break and
burn" method showed ages ranging from5 to 74 years, with the 1976 year
class (as 8-year-olds) constituting over 55% of the sanple. This was the
first indication of a strong year-class recruitnent of 2. alutus in
recent years. Therefore an effort, albeit small, was made in 1986 to
determ ne whether the 1976 year class was still dominant in the S. alutus
stock of southeastern Al aska.

METHODS

Rockfish were trawled at four locations in January-February 1986
by the NOAA research vessel MIler Freeman using an 83-112 otter traw
equi pped with roller gear. Each tow was set for 0.5 hour bottomtine at
trawl depths varying from 190 to 527 m The trawing sites off Cape
Cross, Kruzof Island, Wale Bay, and Cape Onunaney were the approxinate
locations trawled in 1984 by Carlson et al. (1986). Only a limted
effort was possible because of commtments to the sablefish (Anopl opoma
finbria) spawning and life history survey objectives. Sebastes alutus, a
m nor conponent of the rockfish catches, were separated from the catch,
measured, and sexed, and otoliths were taken from each individual. Fork
length was rounded to the nearest cm  Age deternminations were done by
the ageing unit at the Northwest and Al aska Fisheries Center, Seattle,
Washi ngton, using the "break and burn" method.

-1/Auke Bay Laboratory, Northwest and Al aska Fisheries Center, National
Marine Fisheries Service, NOAA, P.QO Box 210155, Auke Bay, Al aska 99821.
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RESULTS

Of 130 S. alutus collected, 124 yielded ageable otoliths: 86 wifhin
the range of-interest (3-40 years); 38 at nore than 40 years. Because
t hese data showed some simlarity to the age conposition reported for the
| arger 1984 sanple, and because some interesting correlations appeared to
exi st between strong year-class groups and periods of warning in the
northeastern Gulf of Al aska, we elected to report on these few sanples
and conpare them with the 1984 age data for S. alutus.

The length of S. alutus taken at the four trawl stations ranged from
23 to 40 cm  There-was a strong node at 37 cmand mninor nodes at 28 and
3l cm(Fig. 1). These length nobdes may correspond to nodes in the age
distribution (Fig. 2). Fish aged as 6- and 8-year-olds may contribute
nost of the individuals in the 28 and 31 cmlength nodes, whereas fish
over 10 years old probably contribute to the 37 cm node. Length-age
correlations within the rockfishes are highly variable, and within our
sanpl es length was a poor estimator of age for fish older than 10 years
(Fig. 3). Sixty-three percent of the 1986 sanple were 5-10 years of age
and 25-36 cmin length.

DI SCUSSI ON

Larger year classes of S. alutus in the 1984 catches (Table 1) and
the 1986 catches (Table 2) are grouped over the same general range of
years. The 1984 data have relatively strong year classes: 1945, 1948
1950, 1952-56, 1958, 1972, and 1974-78. The 1986 data have a simlar
trend with sone exceptions; relatively strong year classes represented
were 1948, 1950, 1952-56, 1968-70, 1972, and 1976-81. The fact that nany
of the sanme year classes are represented in the small sanple from 1986
| ends support to the idea that these years supported relatively strong
year classes of S. alutus.

Environnental data available frompublished literature are listed in
Tables 1 and 2 opposite the years of occurrence. These data show 1) posi-
tive, normal, or negative tenperature anomalies of the near-surface water
colum (0200 m) at index site GOA 1 since 1975 and from stati ons near
the sanpling sites for 1950-60; 2) positive, nornmal, or negative tenper-
ature anommlies of sea-surface tenperature for the Bering Sea; 3) incidence
of strong El Nino years in the North Pacific Ccean; and 4) years when the
Sitka Eddy (Tabata Eddy) was noted to be absent or present. \Were data
are available, a positive correlation apparently exists between warm wat er
years and relatively strong year classes of S. alutus. The best correla-
tion appears to be with the tenmperature anomaly of the upper 200 m of the
water colum in the eastern GQulf of Alaska. A detailed statistica
anal ysis of this apparent correlation will be attenpted follow ng the
collection and ageing of a large nunber of otoliths in 1987

In recent years, especially 1977 and 1983, three factors--a strong
El N no, positive tenperature anomalies, and the presence of a Sitka
Eddy- - co- occurr ed. Fish from the 1983 year class will not be available
to nets of the traw surveys until 1987 or 1988, but 1976 and 1977 both
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Figure 1.--Length conmposition of Sebastes alutus collected January-February
1986 off the southeastern Alaska (N = 130).
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Figure 2.-- Age conposition of Sebastes alutus |ess than 40 years old collected
January-February 1986 off southeastern Al aska (N = 86).
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Figure 3. --Mean age at length of Sebastes alutus |less the 40 years old collected
January-February 1986 off southeastern Al aska (N = 86).
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Table 1 .--Age conposition of S. alutus in the Qulf of Alaska (GOA) sanpled
April-May 1984 and environnental conditions of the year producing
each year class. In the tenperature anonalies, (+) equals above
the long-term nean, (0) equals the nean, and (-)equals bel ow the
| ong-term nean.

Temperatufe anomaly

Year Percent El Nino Sitka Eddy
class Age No. of total GOA Bering present present
1979 5 5 0.4 + +

1978 6 10 0.9 + +

1977 7 125 10.9 + + yes yes
1976 8 634 55.2 + -

1975 9 25 2.2 - -

1974 10 14 142 +* -

1973 11 5 0.4 - -

1972 12 12 1.1 - -

1971 13 5 0.4 - -

1970 14 4 0.4 2% +

1969 15 3 0.3 - 0

1968 16 5 0.4 +* +

1967 17 6 0.5 +* + no
1966 18 5 0.4 2% +

1965 19 3 0.3 -* +

1964 20 0 - +*

1963 21 1 0.1 +*

1962 22 2 0.2 2% no
1961 23 0 - +* ves
1960 24 7 0.6 +* yes
1959 25 5 0.4 + yes no
1958 26 13 1.1 + yes yes
1957 27 6 0.5 + no
1956 28 10 0.9 - no
1955 29 17 1.5 + ?2?
1954 30 15 1.3 + yes
1953 31 22 1.9 +

1952 32 22 1.9 +

1951 33 6 0.5 -

1950 34 13 141 +

1949 35 9 0.8 -

1948 36 1 1.0 +*

1947 37 4 0.4 +*

1946 38 4 0.4 2

1945 39 11 1.0 2%
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Table 1 .--Continued.

Temperature anomaly

Year Percent El Nino Sitka Eddy
class Age No. of total GOA Bering present present
1944 40 6 0.5 +*

1943 a1 5 0.4 +*

1942 42 7 0.6

1941 43 7 0.6 yes
1940 44 4 0.4 yes
1939 45 3 0.3

1938 46 1 0.1

1937 47 6 0.5

1936 48 5 0.4

1935 49 4 2 0.4

1934 50 1 0.1

1933 51 7 0.6

1932 52 4 0.4

1931 53 6 0.5

1930 54 4 0.4

1929 55 6 0.5

1928 56 3 0.3

1927 57 4 0.4

1926 58 1 0.1

1925 59 1 0.1 -*

1924 60 3 0.3

1923 61 6 0.5

1922 62 1 0.1

1921 63 0 -

1920 64 1 0.1 1
1919 65 3 0.3

1918 66 1 0.1

1917 67 2 0.2

1916 68 1 0.1

1915 69 3 0.3

1914 70 1 0.1

1913 71 0 -

1912 72 1 0.1

1911 73 0 -

1910 74 1 0.1

Total (all year classes and ages): No. = 1,148; percent = 100.5.

*Prelimnary data based on Sitka sea-surface tenperatures.

Sources:  Age data: Carlson et al. (1986); GOA tenperature anomaly data 1950-59:

Favorite and MlLain (1972); GOA tenperature anomaly data 1975-79: Royer (1985);
Bering Sea tenperature anomaly data: N ebauer (1985); El N no presence: Cannon
et al. (1985); Sitka Eddy presence: Mysak (1985).
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Table 7.--Age conposition of S. alutus fromthe Qulf of Alaska (G0A) sanpled January-February 1986 and
environmental conditions of the year producing each year class. In the tenperature anomalies (+)
equals above the the long-term nean, (0) equals the mean, and (-) equals below the |ong-term mean.

Temperature anomaly

Year Percent Percent El Nino Sitka Eddy
class Age No.2 No.P of total? of totalb GOA Bering present  present
1983 3 1 1 1.2 0.8 + - yes yes
1982 4 1 1 1.2 0.8 - +

1981 S 6 6 7.0 4.8 + o]

1980 6 26 26 30.2 20.6 + +

1979 7 10 10 11.6 7.9 + +

1978 8 10 10 1146 7.9 + +

1977 9 10 10 11.6 7.9 + + yes yes
1976 10 3 18 3.5 14.3 + -

1975 AR} 1 2 1.2 1.6 - -

1974 12 0 o] - - +C -

1973 13 0 0 - - -c -

1972 14 1 3 1.2 2.4 -¢ -

1971 15 o] 0 - - -c -

1970 16 1 2 1.2 1.6 ?¢ +

1969 17 1 3 1.2 2.4 -C [v]

1968 18 2 4 2.3 3.2 +C +

1967 19 0 0 - - +C + no
1966 20 1 2. 1.2 1.6 2¢ +

1965 21 0 0 |- - -c +

1964 22 0 o] - - +C

1963 23 0 0 - - +C

1962 24 0 0 - - ?¢ no
1961 25 [} [o] C- - +C yes
1960 26 0 0 - - +C yes
1959 27 ] 0 L. - + no
1958 28 0 0 - - + yes yes
1957 29 0 0 - - + yes no
1956 30 1 1 1.2 0.8 - no
1955 3N 2 4 2.3 3.2 + ??
1954 32 3 6 3.5 4.8 + yes
1953 33 1 2 1.2 1.6 +

1952 34 2 4 2.3 3.2 +

1951 3s 1 1 1.2 0.8 -

1950 36 1 3 1.2 2.4 +

1949 37 0 0 - - -C

1948 ki:} 1 7 1,2 5.6 +C

Totals ' 86 126 100.3 100.2

®Nunber aged by otolith.

"Nunber aged by otolith plus un-aged fish allocated to an age group on the basis of |ength.

‘Prelimnary data based on Sitka sea-surface tenperatures.

Sources : QOA tenperature anomaly data 1950-59: Favorite and MclLain (1973): GOA tenperature anomaly data

1975-79:  Royer (1985), Bering Sea tenperature anomaly data: N ebauer (1985), El Nino presence: Cannon
et al. (1985), Sitka Eddy presence: Msak (1965).
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produced fairly strong year classes. The large nunbers of fish captured
fromages 5 to 10 could be an artifact of sanpling and sinply represent
availability of these year classes before extensive fishing nortality and
predation affect them however, the group of fish in year classes 1952-58
and the correlationwith positive tenperature anomalies appear to support
the hypothesis that tenperature is an influencing factor of S. alutus
year-class strength and survival

Earlier reports on oceanography and fish biol ogy support the
hypot hesi s that thermal conditions influence year-class strengths.
Favorite and MLain (1973) reported a correl ation between warm years and
strong year classes 'of Pacific herring (Cupea harengus pallasi) between
1952 and 1958, and other researchers (e.g., Bailey and Incze 1985) have
alluded to a positive correlation between positive tenperature anonalies

and S. alutus recruitnent. If this correlation is real (which needs to
be confirnmed by further data collection), then one may expect that 1983
was a banner year for S. alutus recruitnment. Hopefully, we will be able to

discern this within 2 or 3 years

The question of whether 1976 was a good recruitnent year, as indicated
by the 1984 data, is not succinctly borne out by the limted 1986 age data
(only three fish were aged as being fromthe 1976 year class). However,
when these three | o-year-old fish were supplenented by the 18 fish "aged"
on the bases of length (Table 2) the 1976 year class appears to be strong.
The inclusion of the 18 supplenental sanples and the variability associated
with the ageing process itself, and the desperate distributions of S. alutus
suggest, however, that the conclusion that the 1976 year class is a-strong
one be accepted with caution at this tine. dearly, additional sanpling
is required

Nonet hel ess, it is suggested by the overall package of data presented
inthis report that if the present warnming trend in the North Pacific Ccean

(Royer 1985) continues, we may expect a sequence of relatively stronger
year-class recruitments for S. alutus in the near future
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PACI FI C OCEAN PERCH

by

John F. Karinen'lland Bruce L. Wng' 1/

| NTRODUCTI ON

The last major traw efforts to assess the condition of the Pacific ocean
perch conpl ex (Sebastes alutus and four congeneric species) in the @ulf of
Al aska were the 1981 and 1984 triennial surveys (Shippen 1985). Data from
t hese surveys were presented and discussed in status of stock docunents
(Shi ppen 1985; Carlson et al. 1986). Historical background is included in
both docunents.

The Pacific ocean perch conplex remains in a depressed condition, but
it is probable that recent recruitments will inprove the stocks within a
few years (Carlson et al. 1986; Karinen and Wng (another chapter, also on
Paci fic ocean perch) in this report). This paper summarizes and updates
i nportant portions of the discussions in Shippen's and Carlson's papers
relating to fishery statistics, managenent actions, condition of the stock,
and age conposition. As the ternms are used here, "Pacific ocean perch" and
"Pacific ocean perch conplex" refer to the five-species assenblage, while S.
alutus refers to the single species.

FI SHERY STATI STI CS

H story of the Fisheries

Commercial fishing for Pacific ocean perch began in the late 1940s in
the Pacific Northwest (Mjor and Shippen 1970). Foreign traw fisheries in
the @ulf of Alaska began with Soviet fleets in the early 1960Cs, followed by
those of Japan in 1963, and the Republic of Korea (ROK) in 1966 (Chitwood
1969). Massive efforts, primarily by the Soviets and Japanese, produced a
peak catch of 348,598 netric tons (t) of rockfish in 1965--npstly 5. al utus.
By 1977, annual catches were down to 23,453 t and, except for short-term
increases, they continued to decline thereafter (Carlson et al. 1986).

Current Catches
The 1985 all-nation catch of Pacific ocean perch in the Qulf of Al aska

was 1,087 t (Tables 1 and 2). This was 24% of the 1984 catch and reflects
a continuing decline in Pacific 'ocean perch allocations by the North Pacific

-I/Auke Bay Laboratory, Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA, P. 0. Box 210155, Auke Bay, AK 99821.
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Table 1 .--Catch, acceptable biological catch (ABC), and optinmm yield (OY)
(all t) of Pacific ocean perch in the Gulf of Alaska, by North

Paci fic Fishery Managenent Council regulatory area, 1977-85.

Gulf-wide

Area management value
Year Western Central Eastern Total ABC oY
1977 6,282 6,166 11,005 23,453 50,000 30,000
1978 3,643 2,024 2,509 8,176 50,000 25,000
1979 945 2,501 6,475 9,921 50,000 25,000
1980 841 4,012 7,618 12,47 50,000 25,000
1981 1,234 4,275 6,675 12,184 50,000 29,167
1982 1,746 6,228 17 7,991 50,000 11,475
1983 2,612 4,775 18 7,405 50,000 11,475
1984 1,771 2,678 ‘ 3 4,452 6,944 11,475
1985 848 58 181 1,087 6,500 6,083

Sources: Catch data 1977-84: Carlson et al. (1986); 1985: Pacific Fishery
Informati on Network (PacFIN), Pacific Mrine Fisheries Comm ssion,
308 State O fice Building, 1400 SW Fifth Avenue, Portland, OR 97201.
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Table 2.--Catch (t) of Pacific ocean perch in the Gulf of Al aska,
by fishery category and North Pacific Fishery Managenent
Council regulatory area, 1981-85.

Fishery Area
Year category " Western Central Eastern Total
1981 Foreign 1,233 4,268 6,675 12,176
UsSe 0 7 0 7
Jv 1 0 0 1
Total 1,234 4,275 6,675 12,184
1982 Foreign 1,746 6,223 17 7,986
‘ U.S. 0 2 0 2
Jv 0 3 0 3
Total 1,746 6,228 17 7,991
1983 Foreign 671 4,726 18 5,415
U.S. 7 8 0 15
Jv 1,934 41 o 1,975
Total 2,612 4,775 _ 18 7,405
1984 Foreign 214 2,385 0 2,599
UeS. 116 0 3 119
Jv : 1,441 293 0 1,734
Total 1,771 2,678 3 4,452
1985 Foreign 6 2 0] 8
U.S 631 13 181 825
Jv 211 43 0 254
Total 848 58 181 1,087

JV: Joint venture.

Sour ces: 1981-84: Carlson et al. (1986); 1985: Pacific Fishery
Informati on Network (PacFIN), Pacific Marine Fisheries Commission,
305 State Ofice Building, 1400 SW Fifth Avenue, Portland, OR 97201.
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Figure 1.--Sebastes alutus in the Japanese trawl fishery in the Qulf of
Al aska, 1964-83; catch, percentage of the all-species catch,
and catch per unit effort (CPUE).
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Fi shery Managenent Council (NPFMC). Foreign harvest was only 1% of the total
catch in 1985, the remminder having been taken by the U S. fishery (76% and
the joint venture fisheries (23%. The NPFMC Western Regul atory Area provided
848 t (78% of the 1985 catch. The catch in the Eastern Regulatory Area,

whi ch had been very low in 1982-84, increased several-fold in 1985--to 181 t
(17% of the gulf-wide total). This increase resulted mainly fromthe donmestic
trawm fishery for rockfish in the eastern gulf

The smal|l 1985 catch was probably nore reflective of nmanagenent action
than of stock abundance. In 1982-84 the foreign catch ranged from58 to 100%

of the total catch (Table 2). In 1985, however, the foreign allocation was
elimnated and optimumyield (OY) was simultaneously reduced (from 11,475t in
1984 to 6,083 t in 1985). In contrast to 1982-84, when the all-nation catch

ranged from 39 to 70% of the OY, only 18% of the substantially reduced OY was
taken in 1985, despite the above-mentioned growh of the donestic traw
fishery for rockfish in the eastern gulf.

CONDI TI ON OF THE STOCK

The eval uation of stock condition for the Pacific ocean perch conpl ex
in 1986 is based on three sources of data: historical Japanese catch data from
1964 to 1983 (Fig. 1); triennial traw survey data from 1984 (Carlson et al
1986) ; and age-size data from 1984 and 1986 (Carlson et al. 1986; Karinen and
Wng (another chapter, also on Pacific ocean perch) in this report)

The data in Figure 1 provide evidence that S. alutus stocks (the |argest
conponent of the Pacific ocean perch conplex) had declined to extrenmely | ow
| evel s bv 1978. The total (all-nation) catch of S. alutus was down to about
5,000 t, the contribution of S. alutus to the Japanese all-species traw catch
had decreased to |less than 15% and the Japanese catch per unit effort (CPUE)
for S. alutus had decreased to less than 0.2 t per hour. The close parallel
bet ween the Japanese CPUE and total catches of S. alutus from 1973 through
1983 is an indicator that the stocks continued in a depressed state over this
period. However, because comrercial CPUE data have become increasingly diffi-
cult to interpret since 1978 (because of |ow catches of S. alutus), the evi-
dence is not conclusive

Ot her sources (research data) indicate that the condition of S. alutus
varies by region. Leanan and Nagtegaal (1986), using survey data From Di xon
Entrance in the southeastern gulf, concluded that the biomass of S. alutus
there had decreased between 1977 and 1983. In the eastern gulf, Kean CPUES
fromtraw surveys in 1978, 1979, and 1981 (Carlson et al. 1986) agreed with
the CPUE trend displayed by the Japanese data for the conparable period
(Fig. 11, indicating sone possible inprovement in stock condition. The nean
CPUE for the 1984 triennial survey in southeastern A aska was about the same
or slightly higher than the 1981 CPUE.

Al'l these data have deficiencies which make it difficult to obtain reliable
determ nations of the condition of the S. alutus stocks. For exanple, the
CPUE and bi omass estimates derived fromtraw surveys have such | arge standard
devi ations that data from many consecutive years are required before even
rough estimates of stock condition can be obtained. Also, traw surveys are
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not always conparable fromyear to year. Finally, it is likely that traw
surveys generally underestimate S. al utus abundance (Leaman and Nagtegaa
1986). The need for revised procedures and the need to use other data sources
(age, size, and year-class abundance) are obvious if we are to reliably
estimate the stock condition of rockfish.

There is no evidence that the abundance of S. alutus has increased,

al t hough recent age-size data show a preponderanye of certain year classes.
Based on age conposition data presented by Carlson et al. (1986) from an
April-May 1984 cruise, the 1976 year class appeared to be strong (over 55%
of the 1,148 fish aged in 1984 were 8 years old). This (1976) year class
recruited to the spawning stock for the first time in 1986. A strong 1976
year class for S. alutus in the western GQulf of Al aska was al so detected in
a small sanple (in = 87) taken in 1982 (Bl ackburn 1986).

A plot of length versus age (Fig. 2) indicates that length is a very
poor predictor of age for fish older than 10 years, but may be useful for
fish less than 10 years old. Based on the nmean growth rate of S. alutus during
the first 10 years of life (Fig. 2) the series of length frequencies froma
large sample of S. alutus fromthe foreign fishery (1981-84) suggests that the
1976 cohorts provided the major recruitment to the commercial stocks in the
western and central gulf for these years (Carlson et al. 1986). Regiona
differences in recruitment strength and size and age conposition within the
gulf 2. alutus stock nay occur, however, because in 1984 all index sites did
not show the expected node for the 34 cmsize group for the 1976 year class
(Carlson et al. 1986). Further studies of age conposition in 1986 (Karinen
and Wng 1987 (another chapter, also on Pacific ocean perch) in this report)
neither strongly supported nor refuted the hypothesis of a strong 1976 year
class, but provided circunmstantial evidence that recent warming trends
(1982-85) may abet strong year classes in the future. There is no evidence
now, however, that the Pacific ocean perch stock has recovered sufficiently
to allow relaxation of managenent controls now in force.

PROPOSED RESEARCH DI RECTI ONS

Catches of S. alutus and related species in the Pacific ocean perch
conplex will be nonitored through the reports of the Pacific Fishery Manage-
ment Information Network (PacFIN). These data will be exami ned for catch
trends, particularly the proportion of the total catch taken in the eastern
Qul f of Al aska.

Adul t stocks of the Pacific ocean perch conmplex will be assessed during
the 1987 triennial traw survey. FEffort will be directed toward determining
the age structure of the populations in each area, with specific enphasis on
S. alutus in the eastern gulf--particularly the determi nation of year class
strengths for fish less than 20 years old. Data analyses wll concentrate
on ages determned fromotolith readi ngs because ages estinated on the basis
of associated fish lengths are, at best, first-order estimates.

Additional information is 'required on the early life phases of the
species in the Pacific ocean perch conplex, especially the possible relation-
shi ps between oceanographic conditions and the recruitnment fromthe pelagic
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Figure 2. --Mean length at age of 1,148 Sebastes alutus sanpled in the
eastern Gulf of Alaska in April 1984,  Seventy-two percent
were |ess than age 13.
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larval stage to the benthic juvenile stage. Water colum thernmal profiles
will be nmonitored with expendabl e bathyt hennographs (XBTS) during the triennia
trawm survey and the concordant sablefish survey studies. |f opportunity
arises, neuston net and bongo net sanples will be taken to determne the
distributon of Sebastes spp. larvae and the potential relationship of these
larvae with the Sitka Eddy and the Al aska Coastal Current.

Hydr oacoustic surveys constitute another effective tool for studying the
bi ol ogy and popul ation | evels of schooling fishes and zoopl ankt on. In 1987
we intend to use hydroacoustic nethods to exam ne the relationships of schooling
Sebastes spp. to euphausiid distributions in the eastern Qulf of Al aska and
determine the feasibility of monitoring 2. alutus in mdwater with these
techni ques. Sebastes al utus may congregate to feed on discrete patches of
euphausiids |located on the Continental Shelf. Defining euphausiid-S. alutus
relationships may lead to inproved nethods-for accurately assessing-the
densities of Pacific ocean perch.
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THORNYHEADS
by

Herbert H.  Shippen

[ NTRODUCT! ON

General Distribution

Two simlar species are commonly referred to as thornyheads, thornyhead
rockfish, or "idiots": the shortspine thornyhead (Sebastol obus al ascanus) and
the longspine thornyhead (Sebastolobus altivelis). They inhabit deep waters
fromthe Bering Sea to Baja California--the shortspine from92 to 1,460 m and
the longspine from370 to 1,600 m Length ranges up to 75 cmfor the shortspine
variety and up to 38 cmfor the longspine. Overall, the shortspines are the
more abundant of the two species. In the @ulf of Al aska |ongspine thornyheads
have rarely been taken in resource assessment surveys.

Mul tispecies Nature of the Fisheries

Al though the flesh of thornyheads is highly regarded by fishernen, the
species are ordinarily not the target objects of fisheries. They are taken,
rather, in trawm and longline fisheries aimng at other species. According to
Al verson et al. (1964), fishes comonly associated with thornyheads are
arrowtooth flounder (Atheresthes stom as), Pacific ocean perch (Sebastes
alutus), sablefish (Anoplopoma finbria), rex sole (Qdyptocephalus zachirus),
Dover sole (Mcrostonus pacificus), shortraker rockfish (Sebastes borealis),
rougheye rockfish (Sebastes aleutianus), and grenadiers (famly Macrouridae).

FI SHERY STATI STI CS

H storical Catches

As an el ement of the deepwater community of denersal fishes, thornyheads
have been fished in the northeast Pacific Ccean since the late 19th century,
when commercial trawing by U S and Canadian fishernen began. In the md-
1960s Soviet fleets arrived in the eastern Qulf of A aska (Chitwood 1969),
where they were soon joined by vessels fromJapan and the Republic of Korea
(RXK).

There are no records of the catches of thornyheads in these early fisheries.
The first data began to accrue as part of the US. Foreign Fisheries Qbserver
Programin 1977, when the catch in the Gulf of Al aska (as a whole) was estinated
at 1,163 t (Wall et al. 1978). From 1980 on, the observer program has generated
annual estimates of the foreign catch of thornyheads by International North
Paci fic Fisheries Commission (INPFC) statistical area. Since 1982 the observer
program has al so estinmated the catches of thornyheads in the joint venture
fisheries. Finally (in 1984 for the first tine), thornyheads were identified
as a separate entity in the U S. donestic catch statistics (Table 1.
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Table 1.--Catch (t) of thornyheads in the GQulf of Al aska by International
North Pacific Fisheries Comm ssion statistical area and fishery
category, 1980-85.

Area
. South-

Year Nation Shumagin Chirikof Kodiak Yakutat eastern Total
1980 Japan 129 197 391 355 144 1,216
ROK* 99 - - 33 - 132

Poland o] 0 - - . - 0
U.S.S.Re _1 0 2 - - 3

Total 229 197 393 388 144 1,351

1981 Japan 203 138 235 365 179 1,120
ROK 154 .27 27 12 - 220

Poland _0 _0 - 0 - 0

Total 357 165 262 377 179 1,340

1982 Japan 134 135 326 64 - 659
ROK _32 2 19 65 - 128

Total 166 147 345 129 - 787

1983 Japan 148 191 287 53 - 679
ROK 10 3 20 4 - 37

Jv 12 0 ' 1 - - 13

Total 170 194 308 57 — 729

1984 Japan 47 53 59 - - 159
ROK 3 2 - - - 5

Poland - 0 1 - - 1

NV 18 0 1 - - 19

u.s. 2 _0 2 12 24

Total 77 55 62 2 12 208

1985 Japan 4 0 0 - - 4
ROK 0 0 - - - 0

Jv 2 3 4 - - 9

U.s. 6 ) a7 29 12 89

*Republic of Korea.

Sour ces: Foreign and joint venture catches: personal comunication wth
Jerald Berger, US. Foreign Fisheries Qobserver Program Northwest and

Al aska Fisheries Center, National Marine Fisheries Service, NOAA, Bin
C15700, Building 4, 7600 Sand Point Way NE., Seattle, WA 98115.

U S. catches: Pacific Fishery Information Network (PacFIN), Pacific
Marine Fisheries Conmission, 305 State Office Building, 1400 SW

Fifth Avenue, Portland, OR 97201.
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Current Catches

The catches of thornyheads in the Qulf of Al aska have declined
mar kedly since 1983--continuing a trend that began at |east as early as 1980.
The declining catches appear to reflect U S. nmanagenent actions, which have
reduced the anounts of target species available to foreign nations and
restricted the foreign fisheries nore and nmore to the west. Although only a
relatively small quantity (69 t), the US. catch surpassed the foreign catch
for the first tinme in 1985.

CONDI TI ON OF THE STOCKS

The population structure of the thornyheads has not been defined. As a
matter of practical convenience, those thornyheads inhabiting the GQulf of
Al aska are managed as a single stock--independent of those in the Bering Sea-
Aleutian region or the region to the south.

Because of the incidental nature of the catch of thornyheads in the
foreign comrercial fisheries, catch and catch per unit effort (CPUE) of
t hornyheads are functions of fisheries directed at the target species rather
than at thornyheads thensel ves.

Resource assessnent surveys provide what little information there is
about changes in relative abundance of thornyheads over tinme. Results of
bottom traw surveys in 1979, 1981, and 1984 (expressed in kilograms of catch
per square kilometer (kg/knf)) are summarized in Tables 2 and 3.  Conparisons
are severely hampered by the lack of sanples from deepwater areas which
according to Alverson et al. (1964), are the domcile for the greater part of
the thornyhead populations. Even in the shallower regions, however, there
are no well-defined trends in the relative abundance of thornyheads

Longli ne surveys have been conducted jointly by the United States and Japan
inthe Gulf of Al aska each year to ascertain the abundance |evel and |ength
conmposition of inportant groundfish species in depths from 101 to 1,000 m
For each species, Sasaki and Teshima (1986) used the catch rate for each depth
stratum the area of the depth stratum and the size conposition of sanples
fromthe depth stratumto determine the relative popul ati on weight (RPW for
the depth stratum The RPW for the various depth strata (201-1,000 m for
t hornyheads) were sunmed to obtain the following gulfwide totals:

Year 1979 1980 1981 1982 1983 1984 1985
RPW 5, 696 6, 726 6, 793 4,254 4,148 3,115 4,362

In general, the stock had declined by 1984 to | ess than one-half of what it had
been in plateau years 1980-81, before rebounding partially in 1985

Change in the average length of fish in the catch was also exam ned as a
possi bl e indicator of changing stock condition. Note in Table 4 that thornyheads
were smaller in 1982-84 than in 1980 and 1981, regardless of sex or area
The significance of the decreases is masked, however, by the fact that the
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Table 2.--Thornyheads. in resource assessnent surveys by bottomtraw in the

International North Pacific Fisheries Comm ssion's Shunmagin,
Chirikof, and Kodiak Statistical Areas of the Gulf of Al aska, 1979,
1981, and 1984. Catch per unit effort (kg/knf) by area and depth.*

Area
Shumagin ' o Chirikof Kodiak

Depth (m) 1979 1981 1984 1979 1981 1984 - 1979 1981 1984
101-200 37 - 28 26 - 47 55 - 165 79
(No. sta) (20} (0) (76) (22) (0) (83) (25)  (5) (136)
201-300 2,613' - 2,896 864 - 574 1,416 5,852 927
(No. sta) {23) (0) (23) (32) (0) (35) (43) (7 {49)
301-500 - - 2,507 2,657 - 3,289 1,160 4,019 2,523
(No. sta) (0) {0) (17) (15) (0) (11) (5) (5) (20)
501-700 - - 2,338 - - 2,252 - - 1,875
(No. sta) (0) (0) (15) (0) (0) (10) (0) (0) (15)
701-1,000 - - 1,151 - - 3,274 - - 2,275
(0) (0) (5) ' (0) (0) (6) (0) (0) (6)

{No. sta)

*To make the 1979 and 1981 survey results conparable to those of 1984, the 1979
and 1981 results have been converted fromkg/h to kg/knf by assuning a tow ng
speed of 3 knots during sanmpling, a trawl opening width of 18.3 m and a fish-
i ng power coefficient of 1.00 in 1979 and 1981 as conpared to 3.66 in 1984,
The latter figure (3.66) was derived by neans of conparative tests between U S
and Japanese traw s as part of the the 1984 U.S.-Japan cooperative bottomtraw

survey of

the central and western Gulf of Al aska (Brown 1986).
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Table 3.--Thornyheads in resource assessnent surveys by bottomtraw
inthe International North Pacific Fisheries Conmssion's
Yakut at and Southeastern Statistical Areas of the Qulf of
Al aska, 1979, 1981, and 1984. Catch per unit effort (kg/knf)
by area and depth.?

Area
Yakutat Southeastern

Depth (m) 1979 1981 1984b 1984°¢ 1979 1981 1984
101-200 - 66 63 11 267 92 0
(No. sta) (0) (37) {10) (7) (1) (39) (11)
201-300 190 1,091 6,036 38 1,940 2,053 0
(No. sta) (7) (41) (4) (6) (S) (36) (8)
301-400 - 4,688 - 2,927 4,051 1,826 444
(No. sta) (0) (15) (0) (4) (9) (6) (4)
401-600 - - - 1,238 - - 0
(No. sta) (0) (0) (0) (4) (0) (0) (1)
601-800 - - - 1,408 - - -
(No., sta) (0) (0) (0) (1) (0) (0) (0)

®To make the 1979 and 1981 survey results conmparable with those of 1984,
the 1979 and 1981 results have been converted fromkg/h to kg/knf by
assuming a tow ng speed of 3.0 knots during sanpling, a traw opening
width of 18.3 m and a fishing power coefficient of 1.00 in 1979 and
1981 as conpared with 3.66 in 1984. See Brown (1986) regarding the
derivation of the figure 3.66.

®147-144° W | ong.

°144-137° W long.



164

Table 4.--Mean fork length (cm of thornyheads in the Qulf of Al aska, by
International North Pacific Fisheries Conm ssion statistical area,
as determned from sanples neasured by U. S. foreign fisheries
observers, 1980-84. (No sanples neasured in 1985.)

Year
Sex and 19804 19812 19820 1983P 19840
area Length No,. Length No. Length No. Length No. Length No.
Males
Shumagin 34.0 223 34.6 45 - - 28.7 297 30.2 12
Chirikof 34.4 510 37.2 54 - - 30.8 2410 30.8 411
Kodiak 33.5 516 35.6 18 27.9 498 29.6 15 - -
Females
Shumagin 35.0 293 35.1 28 - - 28.3 202 30.9 40
Chirikof 35.7 416 39.0 73 - - 30.3 1601 33.2 262
Kodiak 36.2 459 36.4 45 27.2 526 28.5 17 - -

®%Longl i ne sanpl es where bottom depth >500 m
“Trawl sanpl es where bottom depth >400 m

Source:  Personal conmunication with Jerald Berger, U S. Foreign Fisheries
(bserver Program Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA, Bin C15700, Building 4, 7600 Sand Point \Way NE.,
Seattle, WA 98115.
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sanples in 1980 and 1981 were essentially fromlongline fisheries operating
at bottom depths greater than 500 m while those in 1982-84 were fromtraw
fisheries operating in areas where bottom depths were less than 400 m In
the longline surveys described by Sasaki (1985), no appreciable changes in
the nmean | ength of shortspine thornyheads were observed (nean body length in
centinmeters: 1980, 34.1; 1981, 33.9; 1982, 35.0; 1983, 34.7; and 1984, 34.5).

POTENTI AL YI ELD

Esti mat es of Maxi mum Sust ai nable Yield

Fromthe tine the first Fishery Management Plan for groundfish in the
Gl f of Alaska went into effect in 1979, maxi mum sustainable yield (MSY) for
thornyheads has arbitrarily been set at 3,750 t. It was not until 1984,
however, that it became possible to conpare MSY to the estimted gul f-wide
standi ng stock. The 1984 U.S.-Japan cooperative bottomtraw survey of the
central and western @lf of Alaska (which, together with a conplenmentary
survey by the National Marine Fisheries Service in the eastern gulf, is also
referred to as the triennial survey) yielded the first information about the
standi ng stock of thornyheads in the region. Sanples were obtained throughout
all three INPFC statistical areas in the central and western gul f--the Shumagin,
Chirikof, and Kodiak Areas. Most tows were in waters where bottom depths
were | ess than 700 m although there were sone tows in over 700 m  Taking
into account the CPUE expressed as kil ograns/square kiloneter (Table 2) and
the total area involved for each depth stratum standing stock within the
areas surveyed systematically during 1984 was estinated at 77,796 t (Table 5)
(Brown 1986 (updated January 12, 1987) 1.

Sanpling was |ess conprehensive in the | NPFC Yakutat and Sout heastern
Areas. On the basis of linted sanples avail able, however, the standing
stock of thornyheads has been estimated at 5,231t in the I NPFC Yakutat Area
and 267 t in the INPFC Southeastern Area (Table 5).

Thus, it turns out that the arbitrarily selected MSY for thornyheads in
the Gulf of Alaska is roughly 5% of the total estimted standing stock
(83,294 t) estinmated from the 1984 triennial survey.

Estimates of Equilibrium Yield

Because it is felt that MSY is presently attainable, equilibriumyield

(EY) is set at MsY.
Acceptabl e Biological Catch
As in the past, there are no conpelling biological reasons to set accept-

able biological catch (ABC) above or below EY. It is reconmended, therefore,
that ABC remain at 3,750 t.
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Table 5.--Estimted standing stock (t) of thornyheads in the Gulf of Al aska
in 1984, by International North Pacific Fisheries Conm ssion
statistical area and depth stratum (Based on bottom trawl surveys by
U. S. and Japanese research vessels.)

‘ Area
Depth Yakutat Yakutat South-
(m) Shumagin Chirikof Kodiak (147°=144°W.) (144°-137°W.) eastern

1-100 106 | - 43 70 7 0

0 0 0 0 -
101-200 76 83 136 13 7 11
362 1,047 3,191 474 62
201-300 : 23 ' 44 40 3 6 '8
7,399 6,169 9,622 1,972 47 0
o ‘
301-400 ‘ : 4 4
‘ 1,281 267
. 1 . ’
401-500 : 17 11 20 0
5,916 5,016 6,975 -
\ ‘ ‘ 4
501-600 (- : 4 1
‘ 715 0
.
) ) r
601-700 15 10 15 : 0
4,387 3,989 2,711 -
. . 1
701-800 ¢ : 1 0
| 689 -
801-900 1 5 _ 6 6 0
2,013 9,231 7,322 -
Total S 242 197 287 23 22 23

20,077 25,452 29,821 ‘ 2,446 2,794 267
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OTHER ROCKFI SH

by
1/
Barry E. Bracken- and Victoria M O Connel

| NTRODUCTI ON

Mermbers of the family Scorpaeni dae are distributed on or near the
Continental Shelf throughout the world's oceans. In the Qulf of Alaska, the
famly is represented by over 30 species of the genus Sebastes and 2 species
of the genus Sebastol obus. Beginning in 1980 and continuing to date (1987),
these fishes have been divided into three nmanagenent categories: the
t hornyheads (the two species of the genus Sebastol obus), the Pacific ocean
perch (POP) conplex (five species of the genus Sebastes with col or and char-
acteristics simlar to Pacific ocean perch (Sebastes alutus), and "other
rockfish" (all species of the genus Sebastes not included in the POP conpl ex)
(Table 1). Twenty-eight species of other rockfish have been identified in
the Gulf of Alaska by fisheries observers and port sanplers. Twenty species
are caught regularly.

The species of the genus Sebastes can be divided into three groups, or
assenbl ages (sl ope, shelf denersal, and shelf pelagic), on the basis of distri-
bution and behavioral characteristics. Qher rockfish of the slope assenbl age
have | ong been harvested in the foreign traw fisheries along the continenta
slope primarily incidental to target fisheries on the POP conplex (which are
al so nenbers of the slope assenblage). The species of the shelf denersa
assenbl age are the target of an expanding longline fishery in the southeastern
portion of the eastern gulf, while the shelf pelagic assenblage is largely
unexploited at this tinme.

FI SHERI ES STATI STI CS

Prior to the adoption of the current three-group managenment system
(thornyheads; POP conplex; other rockfish), the catch statistics for scorpaenid
fishes were accrued and reported in a variety of ways, with the nethod varying
by nation and frequently by year. Nonetheless, it is reasonable to assune
that the POP conplex conprised the bulk of the harvest. In recent years,
estimates of the | andings of the other two managenment groups, the thornyheads
and the other rockfish, have been obtained from U S. observers aboard foreign
and joint venture fishing vessels and by shore-based sanplers in Kodi ak and
in ports in southeastern Alaska. Fairly accurate catch estimtes are available

1/
Al aska Departnent of Fish and Gane, P.O Box 667, Petersburg, AK 99833.

2/Alaska Department of Fish and Gane, P.O Box 510, Sitka, AK 99835
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Table 1 .--Assenblages of rockfish in the Qulf of Al aska.
Current Recommended
management management
group group
Common name Scientific name (assemblage) (assemblage)

Longspine thornyhead
Shortspine thornyhead

Canary rockfish
China rockfish
Copper rockfish
Quillback rockfish
Rosethorn rockfish
Tiger rockfish
Yelloweye rockfish
Redstripe rockfish

Black rockfish

Blue rockfish
Bocaccio

Dusky rockfish
Silvergray rockfish
Widow rockfish
Yellowtail rockfish

Pacific ocean perch
Northern rockfish
Rougheye rockfish
Sharpchin rockfish
Shortraker rockfish
Aurora rockfish
Blackgill rockfish
Chilipepper rockfish
Darkblotched rockfish
Greenstriped rockfish
Harlequin rockfish
Pygmy rockfish
Redbanded rockfish
Shortbelly rockfish
Splitnose rockfish
Stripetail rockfish
Vermilion rockfish
Yellowmouth rockfish

Sebastolobus altivelis

Sebastolobus alascanus

Sebastes pinniger
nebulosus
caurinus
maliger
helvomaculatus
nigrocinctus
ruberrimus
proriger

jon
* [ ] [ ]

jnlnjunluln|n

melanops
mystinus
paucispinis
ciliatus
brevispinis
entomelas
flavidus

lnfu|ujn]rn|jrnin
L ]

alutus
polyspinis
aleutianus
zacentrus
borealis
aurora
Ezizﬁsétomus
goodei
crameri
elongatus
variegatus
wilsoni
babcocki
jordani
diploproa
saxicola
miniatus
reedi

|njujn|unjunjunjunlun|n
[ ] . L] L ] L

lunlnjnjujun|ujnln|n
L]

Thornyhead rock
Thornyhead rock

Other
Other
Other
Other
Other
Other
Other
Other

Other
Other
Other
Other
Other
Other
Other

Pacific
Pacific
Pacific
Pacific
Pacific

Other
Qther
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other

rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish

rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish

ocean perch
ocean perch
ocean perch
ocean perch
ocean perch
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish
rockfish

Thornyhead rock
Thornyhead rock

Shelf
Shelf
Shelf
Shelf
Shelf
Shelf
Shelf
Shelf

Shelf
Shelf
Shelf
Shelf
Shelf
Shelf
Shelf

demersal
demersal
demersal
demersal
demersal
demersal
demersal
demersal

pelagic
pelagic
pelagic
pelagic
pelagic
pelagic
pelagic

Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
Slope
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for the other rockfish management group since 1980 (Table 21, but species
definition within that managenent group remains a problem

The recent-year catch of other rockfish peaked in 1981 at 4,585 netric
tons (t) and then declined substantially through 1984 (Fig. 1). Mst of the
1981 harvest of other rockfish (95% was taken by foreign vessels, which have
since been phased out of the Gulf of Al aska rockfish fisheries by regulatory
changes. The slight increase noted in 1985 from 1984 is the result of an
increase in donestic harvests. The foreign and joint venture harvests were
largely displaced by donestic harvests in 1985

Speci es breakdown of the other rockfish catch fromthe I anding records
is unreliable because nost of the |andings are entered in the unspecified
rockfish category. It can generally be assuned, however, that nost of the
harvest in the foreign and joint venture fisheries were species in the slope
assenbl age, as the mpjority were landed in the deeper water traw fisheries.
In the domestic fishery, 754 t (75% of the 1984 and 771t (46% of the 1985
landings in the other rockfish category were nmade by hook and line gear. The
mejority of species landed in the hook and line fisheries are in the shelf
denersal rockfish assenblage, with two species--yell oweye rockfish and
qui I I back rockfish--accounting for approximately 80% of the |anded weight. The
donestic traw fisheries account for the remainder of the harvest, taking
primarily slope-dwelling species as did the foreign and joint venture traw
fisheries.

CONDI TI ON OF STOCKS

Stock Structure

As nentioned earlier, rockfish of the genus Sebastes can be separated
into three assenblages according to habitat and behavioral characteristics.
The sl ope assenbl age, which includes the POP conplex, is generally found in
depths greater than 250 m  The other two assenbl ages, shelf denersal and
shel f pelagic, are generally found in depths Iess than 200 m and are separated
vertically in their habitat. The shelf denersal species spend all or nearly
all of the time on bottom associated with rocky reefs or pinnacles, while the
shel f pel agic species spend at |east a portion of the time off bottom and,
al though frequently associated with prom nent geol ogical features, are often
found offshore and not associated with definable submarine bottom structures.

Species diversity is highest in the eastern gulf and decreases to the
west. Al three assenbl ages occur in abundance in the eastern gulf, with
substantial decreases in the abundance of the shelf-dwelling assenbl ages west
of 140° W long. For this reason, all assenblages are managed together west
of 140° W long., while a separate harvest level is assigned to the shelf
denersal species in a portion of the International North Pacific Fisheries
Commi ssion (I NPFC) Southeastern Statistical Area.

Fi sheries which harvest shelf demersal and sl ope assenbl ages al nost
always land catches with nixed species conposition. Fi sheries which harvest
the schooling shelf pelagic species are able to target on individual species
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Table 2.--Catches (t), of other rockfish in the Gulf of Al aska, by fishery
category, 1980-85.

Fishery category

Joint
Year Foreign - venture Domestic Total
1980 2,849 ‘ 8 203 3,060
1981 4,341 J 0 244 4,585
1982 1,692 3 0 259 1,951
1983 1,712 289 349 2,350
1984 414 . 284 1,005 1,703
1985 2 45 1,678 1,725
Sources : Foreign and joint venture fisheries 1980-84: Berger et al. (1986).

Foreign and joint venture fisheries 1985 personal conmunication with

Jerald Berger, U S. Foreign Fisheries Cbserver Program Northwest and Al aska
Fisheries Center, National Mrine Fisheries Service, NOA 7600 Sand Poi nt
Wy NE, BIN C15700, Building 4, Seattle, WA 98115. Donestic catches: Alaska
Departnent of Fish and Gane (sone differ at this tine fromthose reported in
Tabl e A, which appears in the front of this report).
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to some extent. There is sone overlap between assenblages at sone life
history stages, but the assenbl age groupings appear to offer adequate separa-
tion for managenent of the adult fish in the three groups.

St ock Assessnent
Survey Results

The 1984 National Marine Fisheries Service (NVFS) triennial survey
provi ded abundance estimates for other rockfish in offshore waters of the
Qulf of Alaska. The triennial survey was nade up of two parts--the
U. S.-Japan cooperative trawl survey in the central and western gulf, and a
conpl ementary NMFS survey in the eastern gulf.

The U. S.-Japan survey took significant nunbers of only one species of
other rockfish in the areas surveyed. Biomass of dusky rockfish, a shelf
pel agi ¢ species, was estimated at 25,589 t in the central and western gulf,
with the bulk of the catch in the nearshore areas inside of where nost foreign
rockfish fisheries have operated (Brown 1986 (updated January 12, 1987)). Only
traces of other species were found, with densities of less than 1 kil ogram
per hectare (kg/ha). Dusky rockfish were also taken in the eastern gulf sur-
vey in the INPFC Yakutat Statistical Area at densities of approximtely 3 kg/ha.
That survey also captured silvergrey rockfish and redstripe rockfish at rates
of approximately 1 kg/ha. There have been no surveys for the shelf assenbl ages
in the eastern gulf and no rockfish surveys have been conducted anywhere
within the gulf since 1984.

Assessment of Shel f-Dwelling Species

Tradi tional methods of stock assessment are difficult to apply to the
shel f rockfish assenbl ages, particularly the shelf denersal group. Maxi num
sustainable yield (MSY) is difficult to obtain because of the multi-species
nature of the assenblage, the lack of biological data on the conponent species,
and the lack of a tinme series of catch and effort data.

In many managenent schemes, catch per unit effort (CPUE) is used as an
i ndi cator of stock condition and abundance. The Al aska Department of Fish
and Gane (ADF&G has been nonitoring shore-based | andi ngs of other rockfish
in the INPFC Southeastern Area since 1982. Mst of the nonitoring effort has
been in the ports of Sitka and Ketchikan (Fig. 2). The CPUE val ues depicted
for the Sitka area for 1986 are through June. The 1986 Ketchikan-area val ues
are based on a very small sanple and, for that reason, cannot be directly
conpared to the 1984 and 1985 CPUE values for that area. The CPUE data
collected fromthe rockfish setline fishery is considered to have limted
useful ness for assessing stock condition because of the high nobility of the
rockfish fleet, changes in market demand, and advances in gear technol ogy
over tinme (Bracken and O Connell 1986). A description of the fishery, detailed
di scussion of nonitoring methods, and results of donestic rockfish sanpling
are also reported in Bracken and O Connell (1986).
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POTENTI AL Yl ELD

The gul f-wide optinumyield (OY) for other rockfish was set at 7,600 t
when the @l f of Al aska G oundfish Fisheries Managenment Plan was inplenented
in 1978. That |evel was based on the |lower bound of the catch of rockfish
other than S. alutus and the two species of Sebastol obus in the foreign
fisheries from 1973 through 1975. Since the 7,600 t OY was established, there
have been two inportant changes: 1) the four predom nant species of Sebastes
(excluding S. alutus) were renmoved fromthe other rockfish category and
included with 2. alutus in the five-species POP complex (in 1979), and 2) a
separate OY was established for the two species of Sebastol obus (in 1980).
There was no correspondi ng reduction in the other rockfish OY to conmpensate
for the renoval of those species. In 1985, however, the gulf-wide OY for
ot her rockfish was reduced to 5,000 t, of which 600 t were to be shelf demnersa
species in a portion of the INPFC Southeastern Area

Sl ope Assenbl age

Average harvest of the slope species in the traw fisheries has averaged
only 2,133 t since 1980 (Table,3), with the catch declining substantially in
recent years (Fig. 3). It is unclear whether the decline is the result of
stock reductions or of changes in fisheries regulations, or a conbination of
the two factors. However, with the reduction in |andings and the poor show ng
of other rockfish in the triennial surveys, there is no evidence that the
accept abl e biological catch (ABC) for the other rockfish conponent of the
sl ope assenbl age exceeds the recent year average of 2,133 t, and it may be even
| oner. Because | andings of these species occur predomi nantly with |andings
of the POP conplex, and because they appear to be in such | ow abundance
consi deration should be given, for management purposes, to conbining the
ope assenblage with the POP conpl ex.

Shel f  Assenbl ages

Determ ning ABC levels for the shelf assenblages is even nore difficult.
There is virtually no data on shelf pelagic species other than the biomass
esti mates of dusky rockfish in the INPFC Yakutat Area and in the central and
western gulf from the 1984 triennial survey. Qher species in that group
al so appear in the shore-based landing in the | NPFC Southeastern Area, but in
insignificant anmounts (less than 4% of the landings by weight)

Harvest of shelf denersal species in the Sitka Area declined from 1984
to 1985 and again the first 6 nmonths of 1986 (relative to the first 6 nonths
of 1985). It is unclear fromthe available, data whether the decline is the
result of market conditions, a reduction in fishing effort, or a decline in
rockfish abundance. The CPUE for that area increased slightly from 1984 to
1985 and then declined during the first 6 nmonths of 1986 (Fig. 2).

In the Ketchikan area, the harvest increased from 1984 to 1985, but
declined during the first half of 1986. The CPUE declined substantially in
t he Ketchi kan area between 1984 and 1985, but the 1986 sanple size is too
limted to determne if the decline continued
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Table 3.--Estimated landings (t) of other rockfish in the slope
assenblage in the @lf of Alaska by gear, 1980-85

Year ‘ Longline Trawl Total
1980 203 2,857 3,060
1981 244 4,341 4,585
1982 259 1,692 1,951
1983 349 2,001 2,350
1984 753 950 1,703
1985 _ 771 954 1,725

Total 2,579 12,795 15,374

Average 430 2,133 2,562
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There is no conclusive evidence that the harvest level in the ADF&G s
Central Sout heast Management District should be changed fromthe current
level of 600 t. The substantial decline in CPUE in the Ketchikan area from
1984 to 1985 suggests that the current harvest level in that area may not be
sustai nable.  However, because data are inadequate, ABC cannot be deterni ned
for any of the nearshore species at this tine. It is reasonable to assune
that because of the conplex multispecies nature of the shelf assenbl ages,
the extreme longevity of nmany species, and the apparent sensitivity to
exploitation; sustainable yield levels are very |ow.

A conparison of suitable rockfish habitat in the shelf area from20 to
100 fathons using large scale marine charts shows that the ADF&G Centra
Sout heast Managenent District contains the highest percentage of suitable
habitat of the three southeast outside managenent districts. Expanding the
current 600 t central district quota to the renminder of the southeast area
using estimated suitable habitat as the primary criteria indicates that a
sust ai nabl e derersal shelf rockfish harvest for the entire southeast area
woul d be approximately 1,250 t (Bracken 1986). O course, since this estimte
is based on the current 600 t quota in the central district, it would have
to be adjusted if the 600 t quota is found to be inappropriate
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FLATFI SH
by

Craig S. Rose
| NTRODUCTI ON

This report deals with all flatfishes inhabiting the Gulf of Al aska,
except Pacific halibut (H ppoglossus stenolepis). The ngjor species, which
made up 98% of the 1985 flatfish catch and account for 98% of the current
biomass, are arrowtooth flounder (Atheresthes stonias) flathead sole
(Hi ppogl ossoi des el assodon), rock sole (Lepidopsetta bilineata), rex sole
(dyptocephal us zachirus), Dover sole (M crostonus pacificus), yellowfin sole
(Limanda aspera), and starry flounder (Platichthys stellatus). As a matter of
practical convenience, the nonhalibut flatfish inhabiting the Gulf of Al aska
have been managed as a single stock.

This report describes the catches taken in 1985 (noting the continued
shift to U.S. harvesters and the decline in catch) and presents infornation
fromresource assessnent surveys that is relevant to flatfish management in
the gulf--including new estimates of potential yield. Catch data are dis-
cussed in terms of International North Pacific Fisheries Conmi ssion (INPFQC)
statistical areas; data pertaining to potential yields are presented by North
Paci fic Fishery Management Council (NPFMC) regulatory area. Figure 1 clari-
fies the relationship of the two sets of areas.

FI SHERY STATI STI CS

Bet ween 1981 and 1985, the fishery for flatfish in the GQulf of Al aska
went from one donminated by foreign (nostly Japanese) fleets, which took 97%
of the catch in 1981, to one where 94% of the catch was harvested by U S
trawlers (participating in the domestic or joint venture fisheries) in 1985
(Table 1). During the same period, the catch declined 79%-from 14,866 to
3,078 metric tons (t). The decline is not attributable to a dimnishing
resource, which is being harvested well belowits potential yield, but is
primarily due to restrictions on the fisheries, particularly on the 'foreign
fleets.

In contrast to the large catches of flatfish by foreign fleets in
1978-84 (which were nostly incidental to fisheries targeting on other
species), 59% of the 1985 catch was in the INPFC Kodiak Statistical Area,
where flatfishes were a mmjor conponent of the total all-species catch. Mbst
of these fish were delivered to floating joint venture processors, although
some were processed by donestic shore plants.

The 1985 joint venture catch was 2,447 t--down 1,001 t from1984. Wth
the rapid decrease in the foreign flatfish catch (from14,444 t in 1981 to
170 t in 1985), the joint venture catch has becone the dom nant harvester of
flatfish in the gulf.
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Table |.--Catch (t) of flatfish in the Gulf of Al aska, by International
area and fishery

North Pacific- Fisheries Comm ssion statistical

category, 1978-85.

Fishery :
category Shumagin Chirikof Kodiak Yakutat Southeastern Total
Foreign
1978 2,538 2,482 3,830 2,955 2,536 14,341
1979 2,817 618 4,408 3,290 2,341 13,474
1980 3,022 976 5,909 4,095 1,495 i5,497
1981 3,224 3,653 2,106 3,308 2,153 14,444
1982 1,412 2,898 4,618 58 0 8,986
1983 2,020 4,235 3,224 51 -0 9,530
1984 603 1,349 1,081 0 0 3,033
1985 115 54 1 o] 0 170
Joint venture
1978 S 0 0] 0 0 5
1979 7 0 62 1 0 70
1980 1 106 92 0] 0] 209
1981 0 18 o] 0] 0 18
1982 6 12 0 0] 0] 18
1983 171 62 2,459 (0] 0 2,692
1984 566 224 2,658 0] 0 3,448
1985 234 570 1,553 0] o 2,447
Domestic
1978 6 4 82 0 760 852
1979 0 1 54 7 322 384
1980 (0] 0 46 0] 94 140
1981 0 0 77 0] 327 404
1982 0] 0 71 0 203 274
1983 0] 0 87 0 351 438
1984 S 10 230 o] 152 397
1985 10 0 254 12 185 461
Total :
1978 2,549 2,459 3,912 2,955 3,296 15,171
1979 2,824 619 4,524 3,298 2,664 13,929
1980 3,033 1,082 6,047 4,095 1,589 15,846
1981 3,224 3,67 2,183 3,308 2,480 14,866
1982 1,418 2,910 4,689 58 203 9,278
1983 2,191 4,297 5,770 51 351 12,660
1984 1,174 1,583 3,969 0 152 6,878
1985 449 624 1,808 12 185 3,078

Sour ces: Foreign and joint venture catches: personal conmmunication wth
Jerald Berger, U S. Foreign Fisheries Cbserver Program Northwest and

Al aska Fisheries Center, National Marine Fisheries Service,

Sand Point Way NE., BIN C15700, Seattle,
Rigby (1984); U.S. catches (1981-85):

(PacFIN), Pacific Marine Fisheries Comm ssion,

SW Fifth Ave., Portland, OR 97201.

WA 98115; U.S.
Pacific Fishery

NOAA, 7600

catches (1978-80):
| nformation Network

305 State OFfice Bldg., 1400
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As in past years, a large part of the 1985 flatfish catch was arrowt ooth
flounder (Table 21, which made up nore than three-quarters of both the foreign
and joint venture catches. Flathead sole and rock sole were the other major
species in these fisheries, followed by rex sole and Dover sole. O the two
speci es groups described by Rose (1986), the deep-water group nmade up approxi -
mately 90% of both the foreign and joint venture catches, while the shallow water
group made up 83% of the domestic catch.

The nost consistent conponent of the donestic fisheries has been the
trawm fishery for starry flounder in the inside waters of southeastern
Al aska. That catch has renumined between 100 and 300 t annual ly since 1978.
The domestic flatfish fishery in the Kodiak area has continued the expansion
begun in 1984 and reached 254 t in 1985--162 t (63% of which was rock sole.
Rose (1986) indicated, however, that significant nunbers of small flathead
sole and arrowtooth flounder, which would have been discarded at sea, were
probably captured with the rock sole as well.

STOCK CONDI TI ON

When the flatfish stocks of the gulf were evaluated | ast year (Rose
1986), their potential yield was estimted from bi omass estimates generat ed
by 1) a 1984 survey of the western and central gulf and 2) rough estinates of
mortality and growth rates. The eastern gulf was not included in the update
because the survey of that area included little sanmpling shallower than 200 m
the principal habitat for nost, flatfishes in the gulf.

This year, the availability of age data fromthe 1984 surveys in the
western and central gulf makes possible better estimates of mortality and
growth paraneters as well as age conposition of four major species. There-
fore, a new yield analysis has been carried out. Al so, bionmass estinates
fromthe 1984 surveys of the eastern gulf have been included this year. It
was decided in retrospect that despite the sanpling limtations of the 1984
survey in that area (and the corresponding | ow precision of the bionass
estimates) the estimates woul d nonethel ess be nore useful than the previous
estimtes, which were based on surveys done nore than 10 years ago.

Bi omass Estinmates

Estinmates of flatfish bionmass fromthe eastern gulf were cal cul ated and
added to those from the western and central gulf (Table 3). The 1984 survey
of the eastern gulf followed the nethods for the slope portion of the survey
in the central and western gulf (described by Brown 1986). Catch rates for
the 18 successful stations in the 101-200 m depth range were used to estimte
the biomass of the entire shelf area in those depths. Some bias may result
because of the proximty of all those stations to the edge of the shelf. As
no sanpling occurred in the 0-100 m depth stratum the bionmass of each species
in that stratumwas estinmated by assuming that the proportion in shallow
water in the eastern gulf was the sane as that found in the western and
central gulf. This nethod does not provide estimates for species which occur
exclusively in waters shallower than 100 m and this nay account for the
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Table 2.--Conposition of the 1985 Qulf of Alaska flatfish catch (t), by

fishery category and species (percentages of the grand total are
in parentheses).
Foreign Joint venture Domestic Total
catch (%) catch (%) catch? (%) catch (%)

Deep-water species
Arrowtooth flounder 134 (79) 1,855 (76) 3 (1 1,992 (65)
Flathead sole 9 (5) 257 (10) o 266 ( 9)
Rex sole 7 ( 4) 98 ( 4) 49 (11) 154 ( 5)
Dover sole 1 (1) 41 ( 2) 28 ( 6) 70 ( 2)
Other 0 (0) 4 (<1) ob 4 (<1)
All deep-water 151  (89) 2,255 (92) 80 (17) 2,486 (81)
Shallow-water species
Rock sole 16 (10) 150 ( 6) 170 (37) 336 (11)
Yellowfin sole 1T (<) 7 (1) ob 8 (k1)
Butter sole 1 (<) 8 (1) ob 9 (k1)
Starry flounder o (0 7 (k1) 184 (40) 181 ( 6)
Other 1 (1) 20 (1) 27 ( 6) 48 ( 2)
All shallow-water 19 (11) 192 ( 8) 381 (83) 592 (19)
All flatfish 170 (100) 2,447 (100) 461 (100) 3,078 (100)
®%Landed catches only, discards at sea not included
°All unidentified flatfish included in the "shal | owwater, other" category.
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Table 3. --Biomass estimates (t) for @Qulf of Alaska flatfish, based on 1984 bottom

tram surveys

by North Pacific Fishery Managenent Counci

area and species (percentages of the grand total are in parentheses).

regul atory

Area

Western Central Eastern* Total {%)
Deep—watet species
Arrowtooth floundef 99,422 - 927,316 318,267 1,345,005 ( 65)
Flathead sole 60,78§ 208,203 50, 265 319,257 ( 18)
Rex sole 10,47§v 49,555 14,857 74,888 ( 4)
Dover sole 4,704 54,678 10,834 70,216 ( 3)
Other 113 250 362 725 ( <1)
All deep-water 175,504 1,240,002 394,585 1,810,091 ( 88)
Shalloﬁfwater species
Rock sole: 56,152 71,392 561 . 128,105 ( &)
Yellowfin sole 53,321 22,773 88 76,182‘( 4)
Butter sole 1,222 : 16,976 151 18,349 ( 1)
'Starry flounder 1,085 9,182 425 10,695 ( <1}
Other 484 | 3,907 8,995 13,386 ( 1)
all ;hallow-water 112,264 : 124,230 10,223 246,717 ( 12)
All flatfish 287,768 1,364,232 404,808 2,056,808 (100)

*Bi omasses in shallow areas of the eastern area were indirectly estinated due to

lack of survey coverage (see text)
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rel atively | ow bi omass of the shallowwater group in that area. The result-
ing total flatfish biomass estimate for the eastern gulf (404,808 t) is
considerably higher than the previous estimate of 190,000 t and represents
17% of the total gulf biomass for the nonhalibut flatfish group

Bi ol ogical Information

Age determinations were nade for sanmples of arrowooth flounder, flat-
head sole, rock sole, and yellowfin sole. These species make up 91% of the
current flatfish biomss and constituted 85% of the 1985 catch. The data were
used to estimate their age conpositions and growh characteristics (Figs. 2
and 3). In addition, a catch curve analysis (R cker 1975), using the age
conposition as a synthetic cohort, was used to estimate nortality rates
average recruitment, and age selectivity of the survey effort (Table 4).

Wiile this nmethod is effective if recruitment and nortality are not too vari-
able, it may result in biased estinates if either variable has an increasing

or decreasing trend. A conparison of catches and bionass estinates indicates
that the rate of fishing nortality has been |l ess than 0.01 since at |east

1977.  Therefore, nortalities fromthe catch curve analysis are considered to
estimate the rate of natural nortality and the 1984 bi omass approxi mates that

of a virgin stock. Wiile these are the best estinates available, the nortality
estimates and the yield estimtes which follow fromthem (see bel ow) shoul d

be used with caution, since they were derived froma synthetic cohort of one
year's data

Yl ELD

The growth, nortality, and age conposition estinates described above were
used in two analyses to estimate potential yields of the key gulf flatfish
stocks. The analysis used last year, from Gulland (1971), was repeated using
the new nortality estinmates (Table 5). This analysis used growth, nortality,
and size-at-capture paranmeters to estimate the ratio of virgin biomass to
maxi mum sustainable yield. Al nortality estinmates were significantly higher
than their predecessors, resulting in higher production estimates. This was
especially true for flathead sole, whose potential yield estimte exceeded
that of the nore abundant arrowt ooth flounder because of a nuch higher
mortality rate (0.8 vs. 0.3)

The data were also used in a nodified version of the analysis of Thonpson
and Bell (1934) to exanmine the effect of different levels of fishing nortality
(F) on yield. This analysis projected the yield of a cohort through its
lifetime at each value of F, using the estimates of average recruitnment,
wei ght-at-age, and natural nortality. The principal nmodification was to use
the survey selectivities rather than a fixed age at entry to nodel recruit-
ment. A conparison of survey and fishery size conpositions indicated that
this was a reasonable first approximation, although the survey did catch a
slightly higher proportion of smaller individuals.

None of the four species exam ned (arrowtooth flounder, flathead sole,
rock sole, and yellowfin sole) had reached a maxi num yield even when F = 16.0



ARROWTOOTH FLOUNDER

MEAN LENGTH = 40.1
1219 .

F

NT

PERC!

G 10 20 30 40 S50 6
LENGTH (CM)

FLATHEAD SOLE

MEAN LENGTH = 29.9
124

4

10+

PERCENT

Q 10 20 30 40 S0 60. 70 80
LENGTH (CM)

ROCK SOLE

MEAN LENGTH = 28.8
12

10
8 N
6

4

PERCENT

2

Q-r—r———arl U e ey
Q 10 20 30 40 50 60 70 80

LENGTH (CM)

YELLOWFIN SOLE

MEAN LENGTH = 28.0

I2]
104 i
p
.= Bj 1
=z
w1
[T -2
e
w
[- S
4
24
[+) B e ey g L S e S S e S S e S
Q 10 30 3o 40 S0 §0 70 80

LENGTH (CH)

188

(MILLTONS)

HEAN AGE = 7.2
200
180
160
140
120

|001
80O
60
40
20

[+

NUMBER

| ]

1 234567 8 91011121314151617181920
AGE (YEARS)

HMEAN AGE = 8.0

20049
teo
160
140
120
100
[-14)
60
40
20
0r—r—Trr T T
0123 4567 8 91011121314151617181920

AGE (YEARS)

NUMBER (MILLIONS)

MEAN AGE = 6.8

go -
70 []
60 ]
o

S0
40
30

0

(MILLIONS)

20
10

NUMBER

12345678 91011121314151617181920
AGE (YEARS)

MEAN AGE = 10.1
90

80
70

S0
40
30
20
10

9+t
01 23 456

(MILLIONS)

NUMBER

rrrrr

AGE (YEARS)

Figqure 2.--Length and age composition of four flatfish species from the
1984 U.S.-Japan cooperative bottom trawl survey of the cen-

tral and western Gulf of Alaska.
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Figure 3.--Gowh by length (cn) and weight (kg) of four flatfish
species fromthe 1984 U.S.-Japan cooperative bottomtraw
survey of the central and western Qulf of Al aska.
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Table |.--Estinates of natural mortality, average recruitnent,

flatfishes

of the @ilf of Al aska.

and si gni fi cant

of sel ected

Arrowtooth Flathead Rock . Yellowfin
flounder sole sole sole
Male Female Male Female Male Female Male Female
Natural mortality 0.304 0.361 0.817 0.862 0.529 0.638 0.314 0.343
Avg. recruitment
at Tq (millions) 216 300 5,553 17,925 98 679 210 240
_ Age at first ) - o o o N
recruitment (Tg,) 3 3 3 3 4 3 3 3
Age at 50% .
‘recruitment 6 5 8 8 5 6 8 9
Age at 100%
recruitment 8 6 8 9 8 6 10 10
Age at 50%
6 5 3 7 5 6 - --

maturity

06T
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Table 5.--Maxi num sustainable yield estimates (t)
based on 1984 bottom traw
Council regulatory area (percentages of the grand tota

surveys,

for

selected @l f of A aska flatfish,

by North Pacific Fishery Managenent

are in parentheses).

Area
Western Central Eastern Total (%)

Deep-water species

Arrowtooth flounder 9,934 92,125 24,403 126,462 ( 26)
Flathead sole 40,507 138,192 26,413 205,112 ( 43)
Other 2,873 22,052 4,749 29,674 ( 6)
All deep-water 53,314 252,369 55,565 361,248 ( 75)
Shallow-water species

Rock sole 17,240 81,318 180 98,738 ( 21)
Yellowfin sole 6,647 2,839 1 9,497 ( 2)
Other 810 6,220 1,340 8,370 ( 2)
Al)l shallow-water 24,697 90,3717 1,531 116,605 ( 25)
All flatfish 78,011 342,746 57,096 477,853 (100)

T6T
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indicating that their cohorts reach maxi mum bi omass before they enter the
fishery. Thus, the strategy yielding the greatest catch weight would be to
take all of the fish as soon as they are available to the fishery. This
strategy is clearly unrealistic, however, because it would result in a

very small average size and a very low catch per unit effort (CPUE). The
fact that these species begin reproduction after first entry into the fishery
makes such high exploitation dangerous fromthe perspective of recruitnment.
While no spawner-recruit information is available to fully evaluate this
danger, it is clear that if spawners are reduced to a | ow enough |evel,
recruitment will suffer.

One alternative is the F (0.1) approach described by Gulland and Boerenma
(1973). This rule of thumb determnes the fishing nortality where the mar-
ginal yield is one-tenth of the original CPUE in a very lightly exploited
stock. This represents a conproni se between a fishery which woul d nmaxim ze
yield and an efficient fishery which would naintain a better spawning stock
and nmean size. Estimates of F (0.1) were 0.37 for arrowooth flounder, 1.70
for flathead sole, 0.81 for rock sole, and 0.72 for yellowfin sole. These
values and the natural nortality estinmates can be used to estimte the propor-
tion of a stock which would be harvested annually under this strategy from

the formul a:
Y . F -(F + M)
B F+ M 1 - e

where Y = yield, B = biomass, and F and Mare fishing nortality and natura
mortality, respectively. The resulting values are 0.15 for arrowtooth floun-
der, 0.50 for flathead sole, 0.40 for rock sole, and 0.47 for yellowfin sole.
Because these values are strongly influenced by the natural nortality rates
from the catch curve analysis, they also should be used with caution.

These biomass-yield ratios were nmultiplied by the 1984 bi omass estimates
to calculate current potential yield (Table 6). In addition, the nortality,
recruitnent, and selectivity estimtes were used to estimate the bionass of
these stocks at equilibriumwth an F(O|) fishery. The second half of
Table 6 shows yield estimates at these stock levels. Since npost of the other
flatfish are small-nouthed flounders, their yields were estimted using the
average bionass-yield ratios for rock sole and yellowfin sole. Al though
arrowtooth flounder has the highest current bionass and current potentia
yield, flathead sole yield at equilibriumis higher due to its higher produc-
tivity.

Due to the overlapping distributions of these species, it is not at al
certain that they could all be fished at an optimum | evel simultaneously.
Also, the fishery is likely to be limted by the potential for high by-catches
of Pacific halibut.
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yield (t) of

sel ected flatfish

in the

Gl f of Alaska, based on data from 1984 trawl surveys wth
stocks A) at current levels and B) at equilibrium under
conditions of an F(Q 1) fishery,

Managenent Counci |

totals are in parentheses).

by North Pacific Fishery

regul atory area (percentages of the grand

Area

Western Central Eastern Total (%)
A: CURRENT STOCK
Deep-water species
Arrowtooth flounder 15,336 142,221 49,091 206,648 ( 38)
Flathead sole 30,615 104,447 25,315 160,377 ( 30)
Other 6,542 46,524 11,145 64,211 ( 12)
All deep-water 52,493 293,192 85,551 431,236 ( 80)
Shallow-water species
Rock sole 22,576 28,703 226 51,505 ( 10)
Yellowfin sole 25,117 10,728 42 35,887 ( 7)
Other 1,194 12,862 4,096 18,152 ( 3)
All shallow-water 48,887 52,293 4,364 105,544 ( 20)
All flatfish 101,380 345,485 89,915 536,780 (100)
B: AT EQUILIBRIUM
Deep-water species
Arrowtooth flounder 6,291 58, 345 20,140 84,776 ( 34)
Flathead sole 17,274 58,935 13,885 90,094 ( 36)
Other 2,959 21,042 5,041 29,042 ( 11)
All deep-water 26,524 138,322 39,066 203,912 ( 81)
Shallow-water species
Rock sole 10,923 13,885 109 24,917 ( 10)
Yellowfin sole 10,226 4,367 16 14,609 ( 6)
Other 540 5,819 1,852 8,209 ( 3)
All shallow-water 21,689 24,069 1,977 47,735 ( 19)
All flatfish 48,213 162,391 41,043 251,647 (100)
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OTHER SPECI ES
by

Richard L. Major

| NTRODUCTI ON

The fishes or groups of fishes in the "other species" category are
currently of little economic value to the fisheries of the GQulf of Al aska.
Al though the groups nmeking up the other species category: sculpins (famly
Cottidae), skates and sharks (class Chondrichthys), snelts (family Osneridae)
and octopuses (order COctopoda) are not the target objects of the present
fisheries, they are regularly taken as by-catch. Nonetheless, with an eye
to the ecol ogical inportance and potential economic inportance of fishes in
the other species category, it is instructive to examne the available
information pertaining to their condition.

CATCH

Because of the relative uninportance of the other species category,
there have been no special studies directed at assessing their condition.
Commercial catch data provide virtually the only opportunity, therefore, to
apprai se the current status of the stocks. The catch data thensel ves,
however, are not straightforward. Japan, for exanple, included Atka
mackerel (Pleurogramus nonopterygius), in the 1977 data, and the 1979 catches

i ncl uded shortspine thornyhead (Sebastolobus alascanus). Simlarly, rattails
and grenadiers (fam |y Macrouridae) have been 1n and out of the other species
category. It was not until 1981 that the nakeup of the other species category

stabilized in its present form Using 1981 as a starting point, therefore
catches are as follows (in netric tons (t)):

Fishery category

Foreign J. venture Total
1981 7,112 33 7,145
1982 2,049 301 2,350
1983 2,255 391 : 2,646
1984 576 1,268 1,844
1985 97 2,246 2,343

It is clear that the total catch of other species renains at a |ow |evel
Because the nagnitude of the catches and their distribution anong the
conponent foreign and joint venture fisheries are largely shaped by regul atory
decree, the catches offer little real insight as to the condition of the

other species group. Because the catches have been relatively small over the
years, however, it is intuitively unappealing to project the stocks as being

| ess than stable
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SPECI ES COWPCSI TI ON

It is worthwhile to note the simlarity in species conmposition between
the 1984 commercial catch and the sanples taken by the 1984 U. S.-Japan
cooperative bottomtraw survey of the central and western Gulf of Al aska
(which, together with a conplenentary survey in the eastern gulf, is also
referred to as the triennial survey). Expressed in ternms of the major groups
meki ng up the other species category, conposition was as follows (comrercia
catch first, then survey catches in parentheses): scul pins 50% (41%, skates
20% (32%, smelts 16% (9%, sharks 11% (16%, and octopuses 4% (2% . Excl uded
fromthe conputations is a disproportionately |large catch of eulachon (snelts;
Thal ei cht hys pacificus), taken by the U S.-Japan joint venture for walleye
pol  ock (Theragra chal cogramma) in Shelikof Strait. This gives rise to the
precaution that trawms are generally a poor tool with which to sanple snelts--
mai nly because the species of this famly primarily inhabit pelagic waters.

It nust be assumed, therefore, that the abundance of this family is substantially
under est i mat ed

PARTIAL BIOMASSES OF SELECTED SPECIES

The 1984 U.S.-Japan cooperative bottom trawl survey in the central and
western Gulf of Alaska provided data with which to generate biomass estimates
for a few bottom-dwelling spec1es or groups of species that were taken in
fair number1/ Estimates are as follows:

Species ‘ .Biomass (t)

Skates ‘
Unidentified ‘ . 74,174
Sharks ‘
Spiny dogfish ‘
{Squalus acanthias) 3,524
Salmon shark ‘
(Lamna ditropis) 6,391
Pacific sleeper shark.
(Somniosus pacificus) 166
Sculpins
‘Myoxocephalus spp. 10,680
Yellow Irish Lord
(Hemilepidotus jordani) 10,079
Bigmouth sculpin ‘
(Hemitripterus bolini) 5,073
Blackfin sculpin
(Malacocottus kincaidi) ' 836
Spinyhead sculpin
(Dasycottus setiger) 498

‘Total ‘ : 111,421

1/ L
~ Personal communication with Eric Brown, Northwest and Alaska Fisheries
Center, National Marine Fisheries Service, NOAA, 7600 Sand Point Way NE.,

Seattle, WA 98115. (Data updated January 12, 1987.,)
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It is inmportant to enphasize, for reasons of later discussion, that the
so-called "total" biomass estimate is for the International North Pacific

Fi sheries Conmi ssion Shumagin, Chirikof, and Kodiak Statistical Areas only.
Excl uded, because data for the species of primary interest were scanty, are
the Yakutat and Southeastern Statistical Areas. Also, snelts (which could
meke up a large elenent in the other species category), octopuses, and many
scul pins are not included.

MAXI MUM SUSTAI NABLE Yl ELD, EQUI LI BRI UM YI ELD,
ACCEPTABLE Bl OLOG CAL CATCH, AND OPTI MUM YI ELD

The maxi mum sustainable yield, equilibrium yield, and acceptable biological
catch have not been estimted for the other species category because of the
dearth of information. Rather, the North Pacific Fishery Mnagement Council,
per terns of the Fishery Managenent Plan (FMP) for the @ulf of Al aska G oundfish
Fishery, sets optimumyield (OY) at 5% of the sumof the OYs for the nine
other species categories. Using this procedure, the 1986 OY was 12,186 t.
Considering that 12,186 t is only 11% of the bare m nimum current biomass
esti mated above (and probably a nmuch | ower percentage of the real biomass),
the procedure called for in the FMP does not jeopardize the well-being of the
other species category. The population, in fact, could probably sustain a
hi gher harvest rate, providing that the weaker elenments in the nultispecies
conpl ex were not thereby inperiled.
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SQUI D
by

Thomas W der buer

The abundance and potential yield of squid in the Gulf of Al aska have
not been evaluated through research findings. However, catches of
Berryteuthis magister, Berryteuthis anonychus, and Gonatus spp. by commerci al
fishing vessels and research vessels, and their occurrence in the stonachs of
fish and marine mammals, indicate a |large standing stock. Maxinmum sustainable
yield is intuitively believed to be greater than 5,000 netric tons (t).
Accordingly, optimumyield (OY) has been set at 5,000 t (North Pacific Fishery
Management Council 1986).

Catches, however, have averaged just 428 t--nost of which has been taken
by foreign fleets fishing in the central and western gulf. Catches by joint

venture fisheries are insignificant, with the squid being taken (as with the
foreign fisheries) in the pursuit of other species. There have been no reported
catches of squid by the U 'S. domestic fishery.

The total catch of squid in the Gulf of Al aska has decreased sharply since
1981 as fishing by. foreign nations has decreased.

Table 1 .--Catch (t) of squid in the Qulf of Al aska, by fishery category,

1978- 85.

Rep.

of Foreign Joint Total
Year Japan Korea Poland U.S.S.R. Mexico total venture catch oY
1978 86 133 1 2 - 322 - 322 2,00t
1979 259 143 9. 1 13 425 - 425 5,00¢
1980 697 107 T 37 - 841 T 841 5,00t
1981 554 562 19 - -- 1,135 T 1,135 5,00
1982 202 76 - - - 278 16 294 5,00(
1983 252 15 - -- - 267 4 271 5,00
1984 100 17 3 - -- 120 5 125 5,00
1985 4 2 -- - - 6 7 13 5,00
T Trace

Sour ces: 1978-84: Berger et al. (1986); 1985: personal conmunication wth
Jerald Berger, U.S. Foreign Fisheries Qbserver Program Northwest and Al aska
Fisheries Center, National Marine Fisheries Service, NOAA, 7600 Sand Poi nt
Wiy NE., Bin Cl15700, Building 4, Seattle, WA 98115.
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1986 U. S. RESEARCH SURVEYS AND RESEARCH PLANS
FOR 1987 I N THE NORTHEASTERN PACI FI C OCEAN

by

Lael L. Ronholt

FI ELD RESEARCH CONDUCTED I N 1986

@l f of Al aska

U S. Research

Wl | eye pollock: hydroacoustic stock assessnent--A hydroacoustic
survey to assess the magnitude of the walleye pollock spawni ng concentration
in Shelikof Strait was conpleted during March-April aboard the NOAA
ship MIler Freenan.

Val |l eye pollock: juveniles--During Septenber-Cctober a survey of
juvenile (young-of-the-year) walleye pollock was conducted in the
Kodi ak Island-Aleutian Peninsula areas of the Qulf of Al aska. Echo
sounding, mdwater trawing, and on-bottomtraw ing were enpl oyed
aboard the NOAA vessel John N. Cobb to study distribution and abundance.

Wl | eye pollock: egg and |arvae study--During April-Muy, ichthyo-
pl ankt on surveys focusing on the early life history of walleye pollock
were conduct ed aboard the NOAA vessel MIler Freenman. Specific objectives
were to 1) estinmate the nagnitude of the spawning stock in Shelikof
Strait from egg surveys, 2) relate the distribution of eggs and |arvae
to oceanographic conditions, and 3) trace the drift and assess the
feeding condition of larvae. This research was part of the Fisheries-
Cceanographic Experiment (FOX) (see below).

FOX--This nulti-discipline, multi-agency research was undertaken
in Shelikof Strait to exami ne the environnent in which walleye pollock
spawn and the young devel op. The NOAA ship MIler Freeman provided the
research platformfor scientists from NOAA' s Pacific Marine Environnental
Laboratory and the Northwest and Al aska Fisheries Center. This research
was supported under the new NOAA initiative, FOCI (Fisheries-Qceanography
Coordinated Investigations).

Sabl ef i sh: | ongline experinent--A longline gear experiment to study
the effects of hook spacing and soaking time on catch rates was conducted
of f southeastern Al aska during June aboard the NOAA ship John N. Cobh.

Sabl ef i sh: trap survey--The annual trap index survey off southeastern
Al aska was conducted during July aboard the NOAA ship John N Cobh.

Sablefish:  juvenile tagging--Juvenile sablefish were captured and
tagged during Jul y-August aboard the NOAA ship John N. Cobh.
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Sabl efish: flesh quality--During January-February, sanpling was
conducted aboard the NOAA ship John N Cobb to study the flesh quality of
sablefish and its relationship to water depth.

Sablefish: early life history-- During January-February, a survey to
| ocate spawning locations and to deternmine the timng of spawning of sable-
fish was conducted aboard the NOAA ship MIler Freeman.

Paci fic ocean perch: age conposition--A trawl survey was conducted
during January-February aboard the NOAA ship MIler Freeman to provide
data on the age conposition of the Pacific ocean perch stock off south-
eastern Al aska.

Cooperative Research

Sabl efish: 1ongline survey--The annual Japan-U.S. cooperative |ong-
line survey of the @ulf of A aska was conducted during July-Septenber
aboard the Fukuyoshi Maru No. 8. This survey provides data on the distri-
bution and abundance of Pacific cod, sablefish, and other deep-water species.

| cht hyopl ankt on: eggs and |arvae--During March-April, the U S and
the U.S.S.R conducted a cooperative ichthyoplankton survey in the central
Gul f of Alaska aboard the Soviet research vessel G ssar. The survey was
included in the previously described FOX experinent.

wal | eye pol | ock: hydroacoustic-- A hydroacoustic survey to | ocate spawni ng
concentrations of walleye pollock was conducted in the eastern and central
portions of the Gulf of Alaska. Cooperative US.-US S R survey operations
were conducted aboard the Soviet research vessel, Gssar during March.

U S. West Coast Research

G oundfi sh: resource assessment-- The fourth triennial traw /hydroacoustic
survey of the groundfish resources on the west coast of the United States was
conducted during July-Cctober using the charter vessels Pat San Marig and Al aska.

Princi pal species of interest for the 1986 survey were Pacific whiting,
yellowtail rockfish, and canary rockfish.

Sabl efish: trap index study-- The annual trap index study to neasure
changes in the abundance of sablefish along the west coast was conducted
aboard the charter vessel American Viking during Septenber-Cctober. Al so,
sabl efi sh were tagged as part of the continuing programto study their nove-
ments. Transition fromrectangular to conical traps was conpleted during 1986.
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FI ELD RESEARCH PLANS FOR 1987

@l f of Al aska

U S. Research

Wl leye pollock: juveniles-- A survey to study the distribution and
rel ative abundance of young-of-the-year walleye pollock is planned for the
western Qulf of Al aska.

FOCl --Field research will continue and expand the studies on walleye
pollock and larvae in Shelikof Strait--studies initially started as
the FOX program A survey is planned during April-July aboard the NOAA
ship Mller Freeman to trace the devel opnent, distribution, drift, and
feeding condition of young-of-the-year walleye pollock through the early
juvenile stages.

Sabl efish: longline survey--The first U S. longline survey of the
sabl efish, Pacific cod, and other deep-water resources is scheduled for
the @ulf of Alaska during the summer of 1987.

Sabl ef i sh: | ongl i ne experinments--Gear experinments to study the effect
of hook spacing on the catch rates will continue in 1987 aboard the NOAA
ship John N Cobh.

Sabl ef i sh: habi tat--A study designed to relate the distribution of
sablefish to habitat types is scheduled to begin in 1987.

Sabl ef i sh: feeding study-- Al so scheduled to begin in 1987 is a study
to obtain data on the feeding habits of sablefish.

Sabl ef i sh: trap surveys--The annual trap index off southeastern
Alaska is expected to continue in 1987.

Pacific ocean perch: hydroacoustics--A program to begin assessing the
Paci fic ocean perch stock off southeastern Al aska using hydroacoustic
techniques is planned for 1987.

VWl l eye pollock: hydroacoustic resource assessnent--A hydroacoustic
survey to assess the condition of the walleye pollock spawning concentration
in Shelikof Strait is planned for Mirch of 1987, using the NOAA ship Mller
Fr eenan.

Cooperative Research

G oundfish: resource assessment-- A second cooperative U. S. -Japan
groundfish resource assessnment survey of the @ulf of Alaska is anticipated
during the summer of 1987.

Sabl ef i sh: | ongl i ne survey--The annual cooperative Japan-U.S. |ongline
survey for sablefish, Pacitic cod, and other deepwater species is anticipated
for the summer of 1987.
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West Coast

Sabl efi sh:  abundance index-- A survey is scheduled for August- Septenber
off the Washington and Oregon coast to obtain standardi zed catch per unit
effort and biol ogical data for nonitoring popul ati on changes of sabl efish.

Tagging will also be continued to study the novenment of juveniles (particularly
into Canadian fisheries) and tag |oss.
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